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INTRODUCTION 

It is not every one who has the capacity’ -or -leisure r for 
the scientific study of boilers and their care. But there are 
few persons who would not find some knowledge fof the 
duties and obligations connected with their use or misuse 
an advantage or a security. To supply this knowledge in a 
form easily assimilated and legally and scientifically accurate 
is the object of this work. 

The author, Mr. Bimmer, with this object in view, has 
brought an engineering as well as a legal training to bear 
on the subject, and he has produced a book full of valuable 
information which ought to be in the hands of all steam 
users. Should an explosion unfortunately occur, whether 
accompanied by injury to persons or by loss of life or not, 
this work cannot fail to be of great assistance to those 
engaged in the statutory and other proceedings which may 
follow. 


May , 1912. 


A. A. HUDSON, 

ONE OF THE COMMISSIONERS UNDER THE 
BOILER EXPLOSIONS ACTS. 



PREFACE 


In this small volume the author has endeavoured to 
bring together the results of all the inquiries and inves- 
tigations made under the Boiler Explosions Acts, 1882 
and 1890. 

There have been over two thousand of these inquiries, 
and though each in turn has been the subject of comment at 
the time by the Engineer- Surveyor^n- Chief to the Board 
of Trade or by the Commissioners holding the investiga- 
tion, the lessons which they teach have perhaps been 
forgotten or have never been brought to the notice of the 
general body of steam users. It is true that the boiler 
insurance companies, through their engineers, have warned 
those who insure with them against the more common 
causes of explosion, but the record of Board of Trade 
experience contained herein will, it is believed, bring more 
forcibly to the minds of owners and users of boilers the 
dangers of disaster and their responsibilities in respect to 
their plant. 

It is also of great importance to a steam user to 
ascertain correctly the cause of an explosion. Blame or 
liability may be attached either to himself or some other 
person according to the decision of this question. 

A coroner’s jury has the power to incorporate in its 
"finding a decision as to the cause of an explosion. At such 
an inquest the coroner is usually assisted by an engineer, 
who, selected by the coroner, may not always have the 
experience necessary to found a proper decision. Such 
engineer does not go into the witness box, but makes a 
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report to the coroner and sits with him to advise him. A 
factory inspector may also attend the coroner’s inquiry and 
ask questions, nominally for the purpose of testing whether 
the Factory Acts have been complied with, but sometimes 
to support some theory which he has formed as to the 
cause. Factory inspectors are seldom boiler experts. 

The Board of Trade surveyors, holding their preliminary 
inquiry, generally make a thorough investigation. They 
are usually competent boiler engineers, but are not in- 
fallible, and the engineers of boiler insurance companies 
have often questioned the opinions expressed by them in 
their reports. It is upon their report that the Board of 
Trade decides whether a formal investigation should be 
held. 

The formal investigation and the judgment of the Com- 
missioners, carrying with it perhaps censure and order for 
costs, does not affect the civil liabilities of the parties, but 
it cannot be ignored as a powerful weapon of cross- 
examination in a court of law. 

From the foregoing it is clearly important to the parties 
interested in an explosion that no incorrect theory, carry- 
ing ;with it blame or liability to themselves, should be 
upheld at any of the above inquiries. 

In order to warn steam users of danger, and to assist 
them to come to correct conclusions as to the cause of an 
explosion, the author has endeavoured to place before his 
readers in concise statements all the material points in 
the thirty years 5 experience of the Board of Trade with 
reference to reports of greater length, and whenever 
opinion is expressed it may be corroborated by the report 
or other authority quoted. 

In reading through the Reports of the Board of Trade 
the author has been particularly impressed with the bene- 
ficent work done by the boiler insurance companies. 
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These companies are not merely insurers of boilers, but 
by the employment of an outside staff of inspectors and a 
technical indoor staff of engineers they give expert advice 
to their assured as to the safe working pressure and proper 
management of their boilers and steam plant. They 
guarantee the safety of the boiler, and only about 8 per 
cent, of the boilers involved in the reports were under the 
inspection of these boiler insurance companies, whilst in 
remarkably few cases has explosion or collapse of a boiler 
been attributed to the fault of inspection or error of judg- 
ment of the engineers of the company. Also by advice 
and recommendations given to their assured from time 
to time, these companies do much to mitigate the danger of 
explosion from ignorant or improper management. The 
first /such company was an association founded in 1854 
(now the Manchester Steam Users Association) and called 

The Association for the Prevention of Steam 1 Boiler Ex- 
plosions, and for effecting economy in the raising and use 
of steam, 55 and this association has been followed by the 
other five insurance companies formed for the same pur- 
pose, namely (in alphabetical order) : — 

The British Engine Boiler and Electrical Insurance 
Company. 

The National Boiler Insurance Company. 

The Ocean Accident and Guarantee Corporation. 

The Scottish Boiler Insurance and Engine Inspection 
Company. 

The Vulcan Boiler and General Insurance Company. 

The industrial utility of these companies is largely due 
to their foundation and careful early working by such men 
as Sir William Fairbairn, Mr. R. B. Longridge, Mr. H. 
Hiller, and Mr. Lavington Fletcher. 

The author wishes to acknowledge with thanks the 
readiness with which the present chief engineers of the 
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boiler insurance companies have given him permission to 
reproduce facts and figures contained in their memoranda 
and publications. In particular he would mention Mr. C. E. 
Stromeyer, the Chief Engineer of the Manchester Steam 
Users Association, for permission to quote freely from his 
memoranda, and especially from his valuable paper on 
Waterhammer; Mr. Michael Longridge, the Chief Engi- 
neer of the British Engine Boiler and Electrical Insurance 
Company, for permission to reproduce tables from his 
annual reports. It was from these valuable reports that 
the author framed the arrangement of Section 3 ; Mr. 
Edward G. Hiller, the Chief Engineer of the National 
Boiler Insurance Company, for permission to quote from 
his handbook for the use of boiler attendants and those in 
charge of and responsible for steam boilers — ‘ c Working of 
Steam Boilers and the Chief Engineers of the Ocean 
Accident and Guarantee Corporation, the Scottish Boiler 
Insurance Company, and the Vulcan Boiler and General 
Insurance Company, for permission to reproduce their in- 
structions to firemen, etc. 


13, Harrington Street, 
Liverpool, 

May, 1912. 


E. J. R. 
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BOILER EXPLOSIONS, 
COLLAPSES AND MISHAPS 

Section 1 

LEGISLATION IN REGARD TO BOILERS AND 
BOILER EXPLOSIONS 

All legislation in regard to boilers and boiler explosions 
is contained in the following statutes: — 

Boiler Explosions Acts, 1882 and 1890. 

Factory and Workshop Act, 1901. 

Railway Regulation Act, 1871. 

Metalliferous Mines Regulation Act, 1872. 

Coal Mines Act, 1911. 

Quarry Act, 1894. 1 

Merchant Shipping Act, 1894. 

Notice of Accidents Acts, 1894 and 1906. 

Railway Employment (Prevention of Accidents) 
Act, 1900. 

The effect of these statutes is: — 

(1) To impose upon the owners of all steam boilers and 
vessels subject to an internal pressure duties with regard 
to the notification of explosions and accidents to the Board 
of Trade, and to make provision for inquiries and investiga- 
tions into the causes and circumstances of such explosion 
or accident. 


B.E. 
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(2) To make compulsory the provision of certain safety 
appliances upon boilers used in mines, quarries, ships, 
factories and workshops, and on railways, and to regulate 
the inspection of boilers in factories and workshops and on 
board ship. 

(1) Notification of Explosions and Board of Trade 
Inquiries. 

The most important statutes aff ecting all steam users are 
the Boiler Explosions Acts , 1882 and 1890. The Act of 
1882 was enacted to provide “ for making inquiries with 
respect to boiler explosions ” in certain cases, and the 
amending Act of 1890 extended the provisions of the earlier 
Act to all boilers wherever they may be except those “ used 
in the service of Her Majesty” or “used exclusively for 
domestic purposes.” 

The term “ boiler ” by this Act means any closed vessel 
“used for generating steam or for heating water or for 
heating other liquids or into which steam is admitted for 
heating, steaming, boiling or other similar purposes.” It 
will, therefore, be seen that all hot water or steam heating 
apparatus, drying tables, tiers, ovens heated by sealed 
tubes, economisers, engine cylinders, steam jackets and 
steam pipes, and the like— -are included within the provi- 
sions of the above Act. In Reg. v. Boiler Explosions. Com- 
missioners, [1891] 1 Q. B. 703, “boiler” as defined by 
section 3, Boiler Explosions Act, 1882, was held to include 
a valve in a steam pipe which’ was in fact 1,300 feet away 
from the boiler. It was held also in that case that explo- 
sions of boilers in mines were within the Act of 1882 as 
amended by section 2 of the Act of 1890. 

The exception “ exclusively for domestic purposes ” has 
been the subject of judicial interpretation in Smith v. 
Muller , [1894] 1 Q. B. 192. This was a case stated by the 
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Stipendiary of Birmingham to the Divisional Court, 
Charles and Wright, JJ. The respondent was summoned 
by the appellant on behalf of the Board of Trade for having 
made default in complying with the requirements of sec- 
tion 5 of the Boiler Explosions Act, 1882. For the respon- 
dent it was claimed that the boiler in question was within 
the exception of section 4 of the Act. The boiler which 
exploded was used for circulating hot water through a 
range of piping which warmed the office of the respondent’s 
clerks only. The office was used for the purpose of the 
respondent’s business. There was a tap fixed in the boiler 
to supply warm water for cleaning the offices and for other 
household purposes of the caretaker. 

It was held that the above boiler was used exclusively 
for domestic purposes. Charles, J. said, “ The test made 
applicable 'by the statute is not the character of the persons 
using the boiler, not whether they occupy or reside upon 
the premises, but the use made of the boiler.” He added, 
however, “It is said to be difficult to draw the line if resi- 
dence is not the test: the answer is that in these cases the 
line must be drawn by somebody and that it is a question 
of fact for the tribunal before which the case comes whether 
the boiler is used exclusively for domestic purposes.” 

Section 5 of the Act of 1882 provides that on the occur- 
rence of any explosion of any boiler to which the Act 
refers, the owner or user shall send notice of such explosion 
within twenty-four hours of the occurrence to the Board of 
Trade (for particulars to be contained in such notice see 
Appendix A., p. 102). Upon receiving such notice the 
Board of Trade may appoint one or more engineers to make 
a preliminary inquiry with respect to the explosion. Wide 
powers are given to such engineers to inspect the exploded 
boiler and to examine and require answers under oath from 
all such persons as they think fit to summon before therm 

b 2 


4 


BOILEE EXPLOSIONS 


The engineer or engineers making this preliminary inquiry 
will make a report to the Board of Trade which, either with 
or without such preliminary inquiry ‘(in practice always 
with such inquiry), may if it thinks expedient direct a 
formal investigation to be held into the cause and circum- 
stances attending the explosion. Such investigation will 
be made by a Court consisting of two or more Commis- 
sioners appointed by the Board of Trade (one at least 
a competent and practical engineer specially conversant 
with the manufacture and working of steam boilers, and 
one a competent lawyer), who will make a report to the 
Board of Trade stating whether they consider any person 
or persons to blame for the explosion. The Court has 
power to order any person or persons they find so to blame 
to pay such costs of the preliminary inquiry and formal 
investigation as they think fit. 

The powers of the court of investigation, the form of 
procedure, and precedents of its judgments, are dealt with 
fully in section 2. 

Notification of explosions and accidents and Board of 
Trade inquiries and investigations are concurrently pro- 
vided fo,r by other statutes in special cases: — 

The Notice of Accidents Act , 1894, and the amending 
Act , 1906, require that notice of accidents occurring in 
the construction, use, working or repair of any railway, 
tramroad, tramway, gasworks, canal, bridge, tunnel, har- 
bour, dock, port, pier, quay, or other work authorised by 
any local or personal Act of Parliament; or in the con- 
struction or repair by means of a scaffolding of any build- 
ing which exceeds 30 feet in height, or use or working of 
any such building in which mare than twenty persons, 
n,ot being domestic servants, are employed for wages; or 
in the use or working of any traction engine or other 
engine or machine worked by steam in the open air, shall 
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be sent to- the Board of Trade if they cause any person 
employed either loss of life or such bodily injury as to 
cause him to be absent throughout at least one whole day 
from his ordinary work. The Act further provides for 
formal investigations to be held into the causes and circum- 
stances of the accident if the Board of Trade thinks fit. 

In Factories or Workshops. — Section 4 of the Notice of 
Accidents Act, 1906, repealing section 19 of the Factory 
and Workshop Act, 1901, requires written notices to be 
sent to the inspector of the district of any accident causing 
loss of life; or if the accident is due to any machinery 
moved by mechanical power, or to molten metal, hot liquid, 
explosion, escape of gas or steam, or to electricity, so dis- 
abling any person employed as to cause him to be absent 
throughout at least one whole ‘day from his ordinary work; 
or any accident whatever disabling any person employed 
from working at his ordinary work for more than seven 
days. If the accident causes loss of life or is produced 
by machinery or an explosion, notice must also be sent to 
the certifying surgeon of the district. 

Section 22 of the Factory and Workshop Act gives the 
Secretary of State power to direct that a formal investiga- 
tion be held into the causes and circumstances of such 
accident. , 

On Railways. — Section 6 of the Regulations of Railways 
Act, 1871, requires notice to be sent to the Board of Trade 
by the earliest possible post after the occurrence of any 
accident attended with loss of life or personal injury, or 
likely to cause loss of life or personal injury to any person. 

Section 7 of the same Act gives the Board of Trade power 
to order an inquiry and formal investigation into the 
cause and circumstances of the accident. 
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On Ships. — The Merchant Shipping Act, 1894, s. 425, 
requires notice to be sent within twenty-four hours or as 
soon thereafter as possible of any accident occasioning 
loss of life or serious personal injury or material damage 
affecting the ship’s seaworthiness or efficiency either in 
hull or machinery. Sections 465 and 466 give the Board 
of Trade power to direct a preliminary inquiry and formal 
investigation into any “ shipping casualty ” which includes, 
by section 464, “when any loss of life ensues by reason 
of any casualty happening to or on board any ship on or near 
the coast of the United Kingdom.” The court of investi- 
gation in this case will consist of a Court of Summary 
Jurisdiction with the assistance of one or more assessors. 

In Mines and Quarries. — The Coal Mines Act, 1911, 
s. 80, and the Notice of Accidents Act, 1906, amending 
section 11 of the Metalliferous Mines Regulation Act, 1872, 
require notice to be sent to the inspector of the district 
of any accidents to any person employed in or about a 
mine or quarry which causes loss of life, fracture to the 
head or limb, or any dislocation of a limb, or any other 
serious personal injury, or which is caused by any explosion 
and causes any personal injury whatever. 

Sections 82 and 88 of the Coal Mines Act pro- 
vide for inquiries and formal investigation of any such 
explosion or accident occurring in a coal mine, while sec- 
tion 20 of the Metalliferous Mines Regulation Act provides 
for a special report to be made by the district inspector 
“ with respect to any accident in a mine to which the Act 
applies which accident has caused loss of life or personal 
injury to any person.” The Quarries Act, 1904, makes 
this section applicable to quarries. It should be observed 
that although a quarry is a “factory” within the provi- 
sions of the Factory and Workshop Act, the provisions in 
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that Act in regard to the notification of accidents do not 
apply (see Quarry Act, s. 3). 

(2) Compulsory Provision or Safety Appliances and 
Periodical Examination. 

(a) In Factories, Workshops and Certain Mines, — The 
F'actory and Workshop Act, 1901, s. 11, and the Coal 
Mines Act, 1911, a. 56 (Appendix E., pp. 125, 126), make 
compulsory the periodical examination of all steam' 
boilers “ used for generating steam ” in factories, work- 
shops and in mines of coal, stratified ironstone, shale or 
fireclay. Such boiler must be examined thoroughly by a 
“ competent person ” at least once in every fourteen 
months, and a report of the result of such examination 
made upon a prescribed form (see p. 124) and attached 
to the register of the factory or to a book kept in the 
mine for the purpose. These sections also enact that such 
boiler shall have attached to it “ a proper safety-valve and 
a proper steam gauge and water gauge to show the pres- 
sure of steam and the height of water in the boiler,” which 
appliances shall be “ maintained in proper condition.” 

In addition to these provisions the same section of the 
Coal Mines Act prohibits the placing of any steam boiler 
under ground, and provides that all water gauges shall 
have a covering or guard “ unless so constructed as to be 
equally safe to the persons employed whether so protected 
or not.” 

It will be observed that the definition of a boiler under 
the provisions of both these Acts is confined to those “ used 
for generating steam,” and does not therefore include all 
vessels subjected to internal pressure. Vessels into which 
steam is admitted, e.g drying tables, kiers, engine 
cylinders, steam jackets, and steam pipes, are not used for 
generating steam. These are, therefore, undoubtedly out- 
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side the Act. Certain other vessels subjected to internal 
pressure do not generate steam under normal conditions; 
but at the same time are capable of becoming subject to a 
self-generated steam pressure under exceptional circum- 
stances (e.g. 9 economisers, hot water supply boilers, &c.). 
It is submitted that these vessels also are not included in 
the above definition, because it would be impossible to fit 
a water gauge to such vessels as are always full of water, 
and hitherto no steps have been taken to make the provision 
of the above Act applicable. On the other hand, it has 
frequently been pointed out by the Commissioners that for 
the purposes of safety such vessels should be provided with 
a safety-valve and pressure gauge, and they have recom- 
mended the extension of the above Act to all vessels sub- 
ject to steam pressure, whether used for generating steam 
or not. 

With regard to the type of safety appliance which may 
be considered “ proper/’ it would appear that if the steam 
gauge shows the correct pressure and the water gauge the 
correct height, no exception can he taken to them what- 
ever the type. In regard to the safety-valve, there is less 
definite enactment, but it should be observed that the 
engineer in chief to the Board of Trade has characterised 
a spring balance safety-valve capable of being screwed 
down as “ most objectionable ” (80). 

The maintenance of safety appliances in a “proper con- 
dition ” is dealt with in section 3, pp. 39 — 43. 

The periodical examination must be made by a “com- 
petent person.” Such a person is not defined in the Act, 
but in the administration of the Boilers Explosions Act 
the Commissioners have on several occasions held an owner 
to blame for engaging an incompetent person to make 
examination of his boiler. In one case a relative of the 
owner, a fitter, eighty years of age, who had received no 
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training as a boiler inspector (1538), and in another case 
a boiler repairer who knew nothing of the manner in which 
boilers ought to be tested (1589), were held to be incom- 
petent. In both these cases, however, their competency 
was tested by their mode of examination, and perhaps this 
provides the best test of all of a “ competent person.” On 
the back of the prescribed form upon which the result of an 
examination under the Factory Act must be made will be 
found the proper and satisfactory mode of examination of a 
boiler, and if any person with a knowledge of boiler con- 
struction and working conforms with these rules, he will, it 
is submitted, be considered a competent person (the form 
will be found in Appendix E., p. 123). Boiler insurance 
companies, who give a guarantee of safe working of a boiler, 
engage a very efficient staff of inspectors for their own 
protection, and the owner who engages an insurance com- 
pany to make an inspection in compliance with this Act 
has the additional security of having the report of the 
examination counter-signed by the chief engineer of the 
company (see sub-section 3, pp. 125, 127). 

Section 17 of the Factory and Workshop Act and sec- 
tion 108 of the Coal Mines Act, give power to a Court of 
Summary Jurisdiction to prohibit the use of machinery 
including boilers, &c., if on the report of the inspector 
the Court is satisfied that it is dangerous. 

Section 79 of the Factory and Workshop Act gives power 
to the Secretary of State to make regulations for the use 
of dangerous machinery and plant. Under this section 
the following regulations applicable to steam plant have 
been made : — 

(a) No person under eighteen shall be employed as a locomotive 
driver. 

(&) All glass tubes of water gauges on locomotives or stationary 
boilers used for the movement of waggons shall be 
adequately protected by a covering or guard. 
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A Quarry is a “ factory ” under the provisions of the 
Factory and Workshop Act, 1901, Sch. 6, s. 26, and is 
therefore subject to all the above provisions with regard 
to safety appliances and inspection. 

( b ) On Ships. — The Merchant Shipping Act, 1894, 
s. 285, sub-s. 4, requires a passenger steamer to be pro- 
vided with a safety-valve on each boiler, so constructed as 
to be out of the control of the engineer when the steam is 
up, and if the safety-valve is in addition to the ordinary 
valve, so constructed as to have an area of not less and a 
pressure not greater than the area of and pressure on the 
ordinary valve. 

Sections 271 and 272 require a steamship carrying more 
.than twelve passengers to be surveyed at least once a year, 
and require every passenger ship before proceeding to sea 
to obtain a certificate from the Board of Trade stating 
(inter alia) (1) that the safety-valves are such and in such 
condition as required by the Act, and (2) the limit of weight 
to be placed on the safety-valve. 

The Board of Trade have drawn .up “ Regulations and 
suggestions as to the survey of the hull, equipment and 
machinery of steamships ” and those which refer to boilers 
are commonly referred to as the “Board of Trade Boiler 
Rules.” These rules provide such an important test of 
the condition and safety of a boiler that the provisions of 
.the most important have been referred to throughout this 
work. 

(c) In Metalliferous Mines.— The Metalliferous Mines 
Regulation Act, 1872, s. 23, r. 18, requires that all steam 
boilers used in mines shall be provided with a joroper 
steam gauge, water gauge and safety-valve. A “ mine ” 
includes shafts and inclined planes in the course of being 


SUMMARY OF OFFENCES AGAINST STATUTORY OBLIGATIONS 
AND PENALTIES. 


Offence. 


1. All hollers ax defined, 
by Boiler Explosions Act , 
1882— 

Failing to give notice of 
explosions. 

Being found to blame 
for the explosion. 


Page 

refer- 

ence. 


3 

4 


2. Boilers 07i Railways — 
Failing to give notice of 
accident. 


Penalty not 
exceeding. 


Twenty pounds. 

Costs of prelimi- 
nary inquiry 
arid formal 
investigation. 

Twenty pounds 


3. Boilers in Ships — 

Failing to give notice of 
accident. 

Failure to provide safety- 
valves. 

Safety-valve not out of 
control of engineer 
when steam is up. 

Putting undue weight on 
safety-valve. 

Weight on safety-valve 
of passenger ship in- 
creased above that 
fixed by the surveyor. 


6 

10 

10 

41 

41 


Fifty pounds 

Owner, £100 
Master, £50 
Owner, £100 
Master, £50 

£100 

£100 


4. Boilers in Mmes or 
Quarries — 

Removing or damaging 
safety-valve. 

Failing to give notice of 
accident. 

Failing to provide safety- 
valve, steam gauge and 
water gauge. 

N 1 " ' have 


6 

7 

10 

7 


Agent or 
Owner-Man- 
ager, £20. 
Other person, 
£ 2 .* 

If Inspector 
has given 
notice, £1 ex- 
tra each day. 


5. Boilers in Factories , 
Workshops or Quarries — 

Neglecting to have boiler 
examined. 

Failing to provide safety 
appliances. 


7 "] £10, bntif 

1 any person J 
7 j is killed or | 
J injured, £100. 


Contravention of order 
made by magistrate. 


Locomotive driver under 
eighteen. 

Water gauge not ade- 
quately protected. 


Failing to give notice of 
accident. 


during coi 
traventioi 
Manager 
Owner or 0 
cupier, £1 
and £2 a d 
during coi 
tinuance, 
Other perse 
£ 2 . 

£ 10 . 


Statute reference. 


Boiler Explosions 
Act, 1882, s. 5. 
Section 7. 


Regulations of Rail- 
way Act, 1871, s. 6. 

Merchant Shipping 
Act, 1894, s. 425. 
Section 285. 

Section 285. 


Section 433. 
Section 286. 


Met. Mines Regula- 
tion Act, ss. 23, 31. 
Coal Mines Act, ss. 

56, 80, 101. 

Quarry Act, 1894 r 
s. 2. 

Notice of Accidents- 
Act, 1906. 


Factory and Work- 
shop Act, 1901,. 
ss. 11 and 185 (see 
also sections 141 
and 142). 

Section 17. 


Sections 79 and 85. 


Notice of Accidents 
Act, 1906, s. 4. 


* In coal mines this penalty is £5, and if the act is wilful and such as to endanger the 
safety of persons employed, imprisonment without the option of a line. 





■f 



SAFETY PEO VISIONS IN SPECIAL CASES 11 


sunk or driven, and all works and tramways abovo and 
below the ground adjacent to the mine. 

Special regulations* liavo also boon issued (varying 
slightly in different districts) for the safe working and 
periodical inspection of boilers in minos within this Act. 

(cl) On Railways. — Tho Prevention of Aecidonts Rules, 
1902, made by the Board of Trade pursuant to section 1 
of the Eailway Employment (Prevontion of Accidents) Act, 
1900, contain the following applicable to steam plant. 

G. All boiler gauge glasses on locomotive engines or on 
stationary steam boilers used in the working of railways must, 
within three years from the coming into operation of these rules, 
be protected by a covering or guard sufficient to guard against 
accident to persons employed on the railway through the gauge 
glasses breaking. 

7. All tool boxes used for the purpose of storing tools and other 
things, necessary in the working of locomotives when running, 
must, within two years from the coming into operation of these 
rules, be so arranged that the contents may he obtained by the 
men while the engine is in motion without undue risk of injury. 

Water gauges or similar devices must, within three years from 
the coming into operation of those rules, ho provided on locomo- 
tive engines or tenders to indicate tho amount of water iu tho 
tanks, and such gauges and similar devices shall bo placed in such 
a position as to be visible and accessible to the men without their 
incurring undue risk of injury. 

* See “ Codes of Bales in force in Minos and Quarries in tho United 
Kingdom.” 
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FORMAL INVESTIGATIONS AND FINDINGS OF 
COMMISSIONERS AS TO NEGLIGENCE 

The powers of a Court appointed by the Board of Trade 
to hold a formal investigation are defined by section 6, sub- 
section 4, of the Act of 1882 (see Appendix A., p. 100). 

It will be seen that the Court has all the powers of a 
Court of Summary Jurisdiction, and in addition may enter 
and inspect any place it may think necessary; it may 
summon before it and examine any such persons, and 
require them! to make answers to any inquiries, it thinks 
fit; it may require the production of books, papers and 
documents it thinks important and it may administer an 
oath. 

The Court is composed of not less than two Commis- 
sioners, one of whom 'is a competent and practical engineer, 
and the other a competent lawyer. It is usually presided 
over by the lawyer, who generally is an experienced 
barrister. 

Persons summoned to the Court. — It appears from the 
practice of the Board of Trade that the persons summoned 
before the Court are all those persons who may in any way 
be responsible for or may have contributed to the explosion,. 
In addition the Court sometimes summons persons who 
can give it assistance in arriving at the correct circum- 
stances attending the explosion. Invariably tire owner or 
user of the boiler is summoned, and in addition the 
manager for the user, the foreman supervising the boiler 
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attendants, and the boiler attendants themselves. If there 
be any possibility that the explosion is due to defective 
design, workmanship or material in the construction of the 
boiler, the maker is summoned before the Com’missioners, 
whilst if the explosion can have been due to lack or in- 
efficiency of inspection, the person who inspected or was 
responsible for inspection, or in the case of an insurance 
company, the chief engineer or one of his inspectors, is 
usually summoned. 

The summons goes out in the name of the Commis- 
sioners, but the decision as to upon whom it should be 
served is a matter for the discretion of the Board of Trade 
acting through one of 'its assistant solicitors, no doubt 
informed of all the details of tire explosion by the Board .of 
Trade engineer who held the preliminary inquiry. The 
Commissioners may also issue further summonses at the 
time of the investigation. A copy of tire form of summons 
will be found on p. 123. It will be seen that on the 
summons attention is drawn to the provisions of section 7 
of the Act which gives the Commissioners power to order 
any person summoned before them to pay the costs of the 
investigation. 

With the summons is sent also a list of questions which 
the Board of Trade propose to ask the Commissioners to 
answer. These questions, of which many precedents may 
be found in the Board of Trade reports, usually include a 
question asking the Commissioners to say whether certain 
persons (named) are to blame for the explosion, and if so 
whether they should pay any of the costs of the investiga- 
tion, Any person summoned before the Court is therefore 
prepared by the f orm of summons and the copy of questions 
for the issues to be decided. 

The Commissioners themselves come to the investigation 
with open minds. They do not see the report of the pre- 
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liminary inquiry made by the Board's engineer, and until 
he is called into the witness-box receive no intimation as 
to what theory of the cause of explosion has been formed. 

Procedure at the Investigation. — At the opening of the 
Court the presiding Commissioner will usually read the 
appointment of the Court by the Board of Trade. The 
solicitor appearing for the Board of Trade (a member of 
the Board's legal department) will then briefly state the 
facts of the explosion, and he will call before the Commis- 
sioners all those witnesses who have been summoned to give 
evidence. His questions are usually directed with a view 
to placing before the Court the history of the boiler, the 
details of management and the incidents immediately pre- 
ceding the explosion. Any person summoned to the Court 
may then examine tire witness, either by legal representa- 
tive or in person. The Commissioners will then usually ask 
questions of the witness. These questions very often 
appear in the form of cross-examination, because it is for 
the Commissioners to decide who is to blame for the ex- 
plosion. 

After the solicitor to the Board of Trade has called those 
persons summoned to the Court, he will call the Board of 
Trade engineer or engineers who made the preliminary 
inquiry, and will question him or them as to the cause of 
the explosion. In cases where the cause is obscure, the 
Board's solicitor may call additional expert evidence. Any 
person summoned to the Court may then cross-examine 
the Board of Trade witnesses, and it will he open for 
him to call and examine expert witnesses to rebut the evi- 
dence of the Board’s expeids, who will in turn he cross- 
examined by the Board of Trade solicitor. The Commis- 
sioners also will cross-examine such witnesses. 

After all the evidence has been called, the solicitor to the 
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Board of Trade will give to the Court the questions which 
he requires the Commissioners to>nSwer. Any of the par- 
ties may then address the Q&rirt, and the Board’s solicitor 
may reply. In giving their judgment, the Commissioners 
will usually detail the event^leading up to the explosion, 
express their opinion as to the "cause of explosion, say if 
any and what persons are to blame, and make any order 
(if any) they think fit with regard to the payment of costs 
by those whom they find culpable. 

The Act provides that the formal investigation “ shall be 
made at or near the place of such explosion.” It is usual 
for it to be held in some convenient room or Court in the 
nearest town or village. This will enable the Commis- 
sioners to make an inspection of the site of the explosion 
during or before the investigation. Such inspection will 
give them a clearer idea of the manner in which the 
management of the boiler was conducted, and if the boiler 
has been left in the position it was in after explosion, the 
Commissioners may be able to gather facts to assist them 
in coming to the correct conclusion as to the cause of the 
explosion. The investigation, however, is very often held 
months after the explosion, and the boiler is rarely left 
undisturbed over the intervening period. 

The Findings of Commissioners as to Negligence. 

“ Boiler explosions are never attributable to inevitable 4 
accident ” ( vide Commissioners’ reports). 

Besides the duties imposed by statute upon the owners of 
boilers, there is a duty on the part of the owners, their 
servants, boiler -makers, repairers, vendors and insurance 
companies, to use reasonable care in the management, 
manufacture, repairs and inspection of boilers. 

The following pages deal with the duties of these 
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persons and enumerate the grounds upon which persons 
have been held to blame by the Commissioners. 

(a) Duty of the Owner . — “ Owners are responsible for 
the efficiency of their boilers and plant and for the exercise 
of adequate supervision during their use ” (1700). 

These duties may be divided : — , 

(i.) As to boiler attendants and supervision. 

(ii.) As to safe working pressure; and ; 

(iii.) As to inspection. 

(i.) Boiler Attendants and Supervision. — It is the duty of 
the owner to have competent attendants upon the boilers 
and careful supervision of the men. The legislature has 
not laid down any particular requirements as to the qualifi- 
cations of a boiler attendant, and it is not necessary that 
he should have any special qualifications other than intelli- 
gence to understand the duties required of him 1 . The most 
essential quality in such a man is reliability, as negligence 
so often leads to 'disaster. 

If the owner engages competent men properly instructed 
for their work, .and adequately supervised, he will not be 
responsible for acts or omissions by them which cause ex- 
plosion. The Commissioners said in report 1624: — 

“ At Common Law an employer is liable for the acts of his 
servants in the ordinary course of their duties, but we do not 
think that is a test under the Boiler Explosion Acts. These Acts 
we consider were intended to affect those only who are morally to 
blame for not taking proper precaution, and so act as a deterrent 
to others and thus prevent neglect in the management of 
boilers.” 

On the other hand, for failure to give proper instructions 
to his employees that they were not to make joints while 
the boiler was under pressure (1609) or- for the negligent 
supervision of a foreman in adjusting a safety-valve (1169) 
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or for leaving the control of large works in the hands of 
an unqualified manager (1607) or an unqualified engineer 
without efficient superintending inspection (1492), owners 
have been held to blame. 

The owner must work his men reasonable hours. A 
manager was found to blame for allowing a fireman to 
work continuously, for 34| hours, so causing him to neglect 
his duty (1686). 

(ii.) Safe Pressure.— Further it is the duty of the owner 
to work his boiler at a safe pressure (1668). He is not 
entitled to take the opinion of an incompetent engineer on 
this matter, nor must he trust to his own experience unless 
he is a qualified or trained engineer. 

Very many cases are reported in which owners have been 
found to blame for using unsafe boilers or plant without 
taking the advice of a competent engineer. So where 
pressure was too great and the safety mountings in- 
adequate (1555), or where an explosion occurred through a 
stop-cock on a kier being placed so that it could be tampered 
with, and no competent advice had been taken or inspection 
made, the owners were held to blame. In one case 
(1127) the owner was blamed for using an unsafe cylinder 
which was a duplicate of one he had used in his works, but 
which he designed and ordered without consulting a com* 
potent engineer or informing the manufacturers of the 
pressure at which it would be worked. 

The owner is also required to keep his boiler in good 
repair and to shut down the boiler when a defect appears 
(1699). On the other hand, in one case where the leak was 
believed to come from the seam, although in fact it was 
through an angle iron, the Commissioners said: — 

“ Having regard to the nature and position of the crack it would 
not be unreasonable, in fact it would be natural, for the boiler-maker 
to think that the leak came from the seam* and we cannot find that 


B.E. 
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there was negligence in allowing the boiler to be worked for a 
short time until another boiler was ready to take its place, as a 
slight leak from the seam could not be taken to indicate any 
immediate danger ” (1,493). 

After repairs have been executed the owner ought to have 
his boiler tested by hydraulic pressure (1485) or take the 
advice of an insurance company or other competent boiler 
engineer. 

(iii.) inspection.— In factories, workshops and mines the in- 
spection of boilers used for generating steam is now con- 
trolled by law (see , ante , p. 7). Such boilers must be 
examined every fourteen months and a report made on the 
prescribed form, and attached to the general register of the 
factory or workshop. 4 

There is, however, a duty on all owners as users of 
boilers, whether under the Factory Act s or not, to have their 
boilers examined periodically by a competent person. In 
particular it has been held to be gross negligence to instal 
a second-hand boiler without such previous inspection 
(1349), whilst working a boiler beyond a reasonable time 
without further inspection has been held' to be negligence 
(1405). The “ reasonable time ” has not been specifically 
stated, but in report 1524 (see p. 20) a year was held to 
8 be an excessive period when the boiler was fed with canal 
water. In case 1382 the owner had not had the boiler 
examined for over six years and lie pleaded ignorance of the 
necessity for examination. The Commissioners said: — 

“Although in this case there has been no loss of life, boilers 
cannot be worked under like conditions without the gravest risk. 
We repeat what we have said on many other occasions, that a 
steam user cannot be heard to say as an excuse for mismanage- 
, ment of a boiler that he was ignorant as to what he ought to have 
done. If he were to take the trouble to think about the matter at 
all he must know, or he must be taken to know, that boilers, like 
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other things, will wear out, and whether they are wearing out or 
not can only be ascertained by examination.” 

The person whom the owner engages to examine the 
boiler must be competent. Very many cases are reported 
where the owners have set up as a defence the negligent 
examination by some incompetent person (1492), and 
severe penalties have been inflicted on persons who, for the 
purposes of the Factory Act, have engaged incompetent 
persons to inspect the boiler (1538), (1589). 

The advice of a competent engineer does not dispense 
with the duty of periodical inspection. Where an owner 
purchased a boiler from a reputable firm, by whom it had 
been recommended for a pressure of ,50 lbs., the Commis- 
sioners said that he was justified in using the boiler for a 
considerable time without examination, but it ought to have 
been examined within two years (1337). [This boiler was 
not under the Factory Act.] 

When the holier is insured, hy an insurance company 
which gives a guarantee of safety or inspects for the pur - 
pose of the Factory or Goal Mines Act , the owner is relieved 
from the responsibility of inspection and safety (but not 
from his duty to have some competent person in charge 
(969)), provided that he carries out all the instructions 
and acts upon the advice of the company and gives them all 
facilities for making their periodic inspection, and unless 
the conditions under which the boiler is worked make more 
'frequent examinations imperative. In report 1588 the 
Commissioners said: — 

“The owners of machinery are not entitled in our opinion to 
shelter themselves behind any report of an insurance company’s 
inspector unless they have carried out to the full, not only what 
the insurance company insists upon, but also what the insurance 
company may recommend . . . . Insurance companies cannot very 
well insist upon too much ; they cannot make their conditions too 

c 2 
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stringent, otherwise they would lose their business . . . but if 
owners of machinery . . . wish to get a complete protection for 
themselves and a complete absolution for anything that may be 
done with regard to that machinery, they must do everything the 
insurance company recommends.*’ 

In report 1842 the Commissioners held the owners to 
blame for an explosion due to deposit on the water tubes, 
owing to neglect in cleaning as advised by the insurance 
company. They said: — 

u Though the advice may have come from a doubtful mind we 
think it is sound and not to he ignored by men who are not 
engineers themselves.*’ 

Where an insurance company advises hydraulic tests, it is 
the duty of the owner to have such tests carried out unless 
he has good reason to the contrary (1254), (1588). 

Where an inspector condemned the boiler as unsafe and 
the owner continued to work it, he was found guilty of gross 
neglect (1541), 

In spite of warning from insurance company of the 
necessity of keeping grease out of the boiler and tubes, 
the owners did not use adequate measures to keep it 
clean (1701), and were 'held to blame. 

Eor concealing facts of management likely to be 
dangerous from an insurance company (454), and not 
properly cleaning the boiler for inspection (1438), owners 
and their managers were field to blame. 

In report 1524 of a case in which canal water was used 
to feed the boiler, it was urged on behalf of the person 
in charge of the boiler that he thought it had been passed 
by an inspector of an insurance .company within a year of 
the explosion. The Commissioners said: — 

“ The general practice of insurance companies, we believe, is to 
examine a boiler thoroughly at least onoe a year, and to partially 
examine it, that is examine it externally, at intervals during the 
year. With regard to many boilers, no doubt this examination 
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once a year is sufficient to ensure safe working during that period. 
But when a boiler is subject to conditions which render more 
frequent examinations imperative, as this one was, it is manifest 
that unless notice of the fact is given to the insurance company 
and other examinations asked for, owners cannot relieve themselves 
of the responsibility of making independent examinations.’ , ■ 

(b) Duty of Insurance Companies and their Inspectors. — 
The position of insurance companies depends upon the 
form of insurance. Most insurance companies who 
specialise in boiler insurance give guarantees as to the 
safety of the boiler, and by a system of periodic inspection 
satisfy the requirements of the Factory and Coal Mines 
Acts. Other insurance companies, however, may insure a 
boiler as one of the incidental risks of a general insurance, 
and in this case, do not give any guarantee to the owner 
that his boiler is safe. 

Although the Commissioners have very strongly con- 
demned the action of an insurance company which insures 
a boiler without proper inspection, unless the insurance 
company has given some guarantee of safety or has 
undertaken inspection under the Factory Acts, there is no 
legal compulsion upon it to inspect. In report 382, the 
Commissioners said : — 

“ We pointed out during the course of the investigation that an 
insurance company may insure a boiler whatever its condition 
may be. The contract of insurance is between the insurer and 
the insured. The insurers have no duty as far as we know, by 
statute or otherwise, cast upon them with regard to the safety of 
the public or the employees of the insured. We cannot therefore 
say that they are to blame for the explosion, but we do think, in the 
interests of human life and as a safeguard against insurances 
which may be effected by careless or immoral owners, that they 
should satisfy themselves by careful examination that the boiler 
they contemplate insuring is as safe as it can be, that is to say, 
that it would be safe to work it at the pressure which their policy 
is going to allow. We express the hope that they will adopt this 
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course in the future. ... It has been suggested that owners are 
lulled into a false sense of security by the inspection of boilers 
made by insurance companies even when they are only superficial, 
because it is said that the owner would say to himself, “ my boiler 
must be safe or else the company would not take the risk.” We are 
disposed to think that this may be so in some instances, and 
therefore think that it would be well for a company before it takes 
the risk to bring to the attention of the owner that it does not by 
so doing guarantee the safe working of the boiler at the pressure 
which the policy may allow. If this were done there would not be 
any pretence for the suggestion of the owner that he was by the 
company’s acceptance of the risk in any way relieved from moral 
responsibility as to the condition of the boiler.” 

In report 456 the Commissioners made stronger com- 
ment npon the action of an insurance company insur- 
ing without inspection, saying 

a We do not think he (the insurance company’s engineer), 
having due regard to the interests of human life, was justified in 
entering into the insurance without making a proper inspection of 
the boiler, although legally he was justified in so doing.” 

Where an insurance company guarantees the safe work- 
ing of a boiler , or undertakes the inspection required by 
the 'Factory Acts , it is in a different position , and may be 
held to blame for improper or careless inspection . 

In one case an insurance company issued a certificate as 
required by the Factory Acts without having made a proper 
inspection (1638). The 'insurance company was held liable 
for the explosion and the chief engineer and district in- 
spector were both severely blamed and fined by the Com- 
missioners for having issued a false certificate. Several 
other cases are reported in which the insurance company 
has been held liable for the neglect of their inspector in 
failing to find serious defects in the boiler (969), (1254), 
(1718), and for neglecting to have the brickwork removed 
so that proper inspection might be made (1689). In 
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the last case, where the engineer of the insurance company; 
contended that it was in a commercial sense impossible to 
expect a client to go to the expense of removing the brick- 
work, and that he would not require the brickwork to be 
removed unless there was something suspicious to warrant 
such a requirement, the Commissioners said: — 

“An insurance company’s engineer, as a competent person 
under the Factory Acts, in issuing a certificate, ought to exercise 
his judgment as an engineer, apart from the policy of the company. 
The policy of a company not to require brickwork to be removed 
unless there is either dampness or suspicion of defects is not, in 
our judgment, a sound one, certainly not as regards the safety 
of the public, although it may be a good policy.” 

An insurance company which undertakes the inspection 
of a boiler must warn the owner of any defects . This must 
be done in no uncertain manner. Where a company wrote 
that the condition of the boiler was “ serious ” when it 
was in fact “very serious,” it was held that the warning 
was not sufficient and the company ,were blamed (456), and 
in report 1438, where the owner mistook a letter from the 
boiler insurance company to be a letter of acceptance of a 
risk when it was in fact only a conditional acceptance, and 
so worked his boiler at an excessive pressure, the Commis- 
sioners said: — 

“We desire to point out that insurance companies and others 
reporting upon the condition of a boiler should express themselves 
in the plainest terms which cannot be mistaken by ordinary 
individuals.” 

Where an insurance company’s inspector failed to call 
attention to grave defects in water gauge fittings and in- 
efficient feeding arrangement, he was blamed though no 
order was made against him (1601). 

(c) Duty of other Persons inspecting Boilers. — Engineers 
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or persons professing knowledge of boilers, who inspect 
the boiler for the owner, either for the purposes of the 
Factory Act or to test its safety, must use the same care in 
inspecting the boiler and warning the owner as an in- 
surance company. The Commissioners have often severely 
censured persons who have wrongly advised .the owner as 
to safe working pressure while professing technical know- 
ledge (1152), or who have inspected the boiler for the 
owner and have failed to make a proper inspection ; in not 
withdrawing stays to ascertain their condition (1328) ; in 
not probing locomotive tubes to test for corrosion (1349) ; 
or in not warning the owner of the dangerous practice of 
gagging the safety-valve (1378). 

A firm of economiser manufacturers was found to blame 
for adopting and approving a system of examination which 
omitted to remove the ’caps from the tubes, thereby failing 
to detect a corroded bolt (1371). A firm of engineers was 
also held to blame for the neglect of a boiler-maker whom 
they sent to examine the boiler in his not discovering that 
the fire-box was in a dangerous condition on account of its 
being deprived of the support of one of its stays (1309). 
For allowing a boiler of his client in a metalliferous mine to 
be worked in a dangerous condition contrary to the rules 
of management of such mines, a consulting engineer was 
severely blamed (575). 

(d) Duty of the Makers or Repairers of the Boiler. — 
¥ The duty of the maker is to provide a boiler of good design, 
material and workmanship. Where makers supplied a 
heating apparatus of defective design (865) or a casting 
which they knew to be defective (1567), and where the 
workmanship was faulty in giving rise to incipient flaws 
(1699), they were held to blame. In the last case they were 
ordered to pay additional costs because they tried to lay the 
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blame on the suppliers of the material which the Commis- 
sioners found to.be sound. 

It is also the duty of the maker to give the safe working 
pressure of the vessel (1567), and in several cases makers 
and vendors have been held to blame for misrepresentation 
in this respect (1347). 

A firm of engineers were held grossly to blame for selling 
a corroded boiler and representing it to be in a good con- 
dition and fit for a working pressure not exceeding 60 lbs. 
(1473). 

Similarly a repairer must make good repairs, and he 
must point out any other defects in the boiler which ought 
to be repaired (1137), (1170), (1328). A firm of boiler- 
makers who carried out the rearrangement of piping which 
was without proper support was held to blame (1609). 

(e) Duty of other Persons. — All boiler attendants and 
foremen must exercise reasonable care in the carrying out 
of their duties. For various acts of negligence workmen 
have been ’fined, and also for gagging the safety-valve (355) 
[which offence is now punishable by statute in certain cases 
(see ante, p. 11)]. A bricklayer has been fined for setting 
the boiler on cohnnon instead of fireclay bricks (1351). 

Pines. — The amount of costs ordered to be paid by the 
Commissioners has varied from £2 in the case of an 
attendant to £400 in the case of a manufacturing firm. It 
does not appear to depend upon the amount of damage or 
loss of life occasioned (several cases having been investi- 
gated where no personal injury was done (538)), but rather 
upon the degree of negligence and the financial position of 
the defaulter. In many cases the Commissioners have said 
that they .would have imposed a far greater penalty had 
it been possible to recover the amount from one in the 
circumstances of the person so fined. The Commissioners 
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have greatly mitigated the fine imposed upon, an owner who 
has made generous provision for the dependants of the 
persons killed (431), and in several cases they have made 
no order because the defaulter has himself been seriously 
injured in person or in financial position. 

The fines are recoverable by summons before a Court 
of Summary Jurisdiction and have in several instances 
been the subject of a conviction. 



Section B 


THE CAUSE AND PEEVENTION OP EXPLOSIONS 

Under the Boiler Explosions Act the term “ explosion ” 
is not defined, but it will be seen from the reports since 
1882 that the term has been taken to include any sudden 
outrush of steam or water and any sudden bulging or col- 
lapsing of a furnace or flue, whether causing loss of life 
or not. Mr. Michael Longridge, Chief Engineer of the 
Engine Boiler and Electrical Insurance Company, in the 
diagram reproduced, by his permission, on p. 30, from his 
annual report for 1911, shows the annual number of explo- 
sions, collapses and mishaps on land and afloat up to 1910. 

Prom the same report the tables on pp. 28 and 29 are re- 
produced by his permission. They give (1) the numbers of 
explosions, collapses and mishaps reported on by the Board 
of Trade, and the total and average number of deaths re- 
sulting therefrom during the twenty-seven and a half years 
ending December, 1909, with the corresponding figures for 
the year 1910; and (2) the description of the boilers which 
have exploded or collapsed during the twenty-eight and a 
half years from June, 1882, when the first Boiler Explo- 
sions Act came into operation, to December, 1910, and the 
causes of these explosions and collapses. 

Note on Working Steam Pressure, Breaking and Sake 
Strength of Metals, and Pactor of Safety. 

A boiler under working conditions is a vessel which is 
subjected to steam or other pressure, and must therefore be 
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designed to withstand that pressure, i The pressure of steam 
is resisted by the strength of the metal of which the boiler • 
is constructed. If the pressure becomes greater than the 
strength of the metal, the metal must give way and an 
explosion or collapse occur. 

The limit of pressure of steam in the boiler under normal 
conditions of working is termed the working steam pres- , 
sure of the boiler, and given such pressure the engineer is 
enabled by mathematical calculation to find the resulting 
stress per square inch on every plate or joint of the boiler. 
This can leave no room! for dispute. 

Also, by reason of very exhaustive investigation and 
laboratory tests, the stress which different metals are able 
to withstand before rupture has been determined and is 
no longer controversial. These results are called the break- 
ing strength per square inch of metals (see Table at 
p. 98). 

A margin of safety must be provided to allow for defects 
in the metal or in workmanship and possible abnormal 
working conditions. The breaking strength per square inch 
must therefore be divided by some figure to obtain the 
safe strength per square inch of the metal. This figure is 
termed the factor of safety . Given the stress per square 
inch produced in a plate or joint by the working steam 
pressure, and the safe strength per square inch of the 
metal, it is only a question of division to obtain the area of 
metal required at any section of the boiler. The factor of 
safety is, however, a discretionary figure which varies 
according to the material of which the parts of the boiler 
are constructed, the manner of construction and the condi- 
tions of working. 

A boiler may explode under normal conditions of working 
and without flaw or deterioration by reason of an error in 
judgment in design, by fixing the factor of safety too low, 
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or by reason of an error of judgment in working the boiler 
at too high a working pressure. In both cases the cause of 
failure is attributable to the fact that the necessary margin 
of safety is not allowed. 

The Board of Trade, in their regulations as to the 
survey of the machinery of steamships (hereinafter called 
“B. T. Rules ”), has prescribed certain rules for the 
determination of the working pressure of a given boiler 
and the factor of safety to be allowed. 

Values of the Factor of Safety. 

B. T. Rule 87 prescribes the factor of safety for cylindrical 
boilers under different conditions. It varies from 4*5 to 6*65, 
and under certain conditions of construction the surveyor may 
increase the factor of safety if in his judgment it is necessary 
[see Appendix C., p. 106]. 

Oast iron is a less homogeneous material than wrought iron and 
steel, and is therefore less reliable. The use of cast iron to resist 
steam pressure in pipes or connections is very much discouraged 
by the Board of Trade (B. T. Rule 121). If it is used the factor 
of safety should be relatively high. 

Should the factor of safety of any boiler be much lower 
than those quoted above, it may well he deemed a dangerous 
one, and if explosion occurs the blame must be upon the 
head of the person responsible for the use of that factor in 
the calculation of design or working pressure. 

There are many cases reported and investigated where 
the boiler has been worked at too high a working pressure 
by an ignorant owner or on the erroneous representation 
of the maker. An example of a case of this kind is that 
reported in report 1825, in which case the owner, without 
knowledge of the strength of the boiler, increased the boiler 
working pressure from 45 to 60 lb's., thereby reducing 
the factor of safety. Report 1265 deals with a case where 
an owner bought his boiler second-hand and without ascer- 
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taining the safe working pressure, and worked the boiler 
at a pressure greatly in excess of the safe pressure. 

The cause of explosion in all these cases can leave little 
or no room for dispute, as the matter can be verified by 
exact calculations and well-known engineering standards of 
safety margin. 

The cases which require closer consideration and allow 
of greater controversy are those in which the alleged cause 
of explosion of the boiler is deterioration by corrosion, 
over-heating or wear ; the lack or failure of its safety 
appliances; its faulty construction, material, or conditions 
of working. 

The causes of explosion for the purposes of this work 
are divided as follows: — 

A. Abnormal Steam Pressure. 

B. Weakness. 

C. Corrosion. 

(i.) Internal Corrosion. 

(ii.) External Corrosion. 

D. Overheating-. 

(i.) Shortness of Water. 

(ii.) Deposit on the Plates or Tubes. 

(iii.) Grease on the Plates or Tubes. 

E. Waterhammer and Other Causes oe Explosion in 

Steam Pipes. 

F. Bad Joints and Miscellaneous Causes. 

N.B. — Figures in brackets refer to the number of the 
Board of Trade Report. 

A. Abnormal Steam Pressure. 

It has been explained in the foregoing “note” that 
explosions may occur by reason of an error of judgment or 
design in providing too small a margin of safety in deter- 
mining the working pressure in the boiler or area of resist- 

b.e. d 
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ing material; but other cases of explosion due to excessive 
pressure are those in which the design and normal working 
pressure are safe., but, owing to some unexpected cause, 
the pressure in the boiler rises above the normal working 
pressure. 

These cases may be divided under two heads: — 

(1) Cases in which the boiler has not been intended 
to withstand any great pressure and no proper safety 
appliance has been provided, but which has become sub- 
jected to excessive pressure owing to various causes. 

(2) Cases in which safety appliances have been provided, 
but which have failed to act owing to various causes. 

1. Cases in which no proper Safety Appliances have been 
provided. — These cases are fast becoming rare, owing mainly 
to the working of the Act of 1882, which has brought to light 
the danger of working any steam-containing vessel without 
a safety-valve, and to the passing of the Factory and 
Workshop Act, 1901, which requires all boilers in fac- 
tories and workshops used for the purpose of generating 
steam to be fitted with a safety-valve, water-gauge and 
pressure-gauge. (See p. 6.) 

There are, however, outside the definition of the boiler of 
the Factory Act, many vessels which contain steam and 
which come under the definition of the Boiler Explosions 
Act, and sometimes these vessels are not fitted with proper 
safety appliances. 

The most usual example of such case is a hot water heat- 
ing apparatus consisting of a boiler and circulating pipes. 
The heating of the water in the boiler causes the water to 
circulate, and if the circulation is free the total heat of the 
fire is used in heating and re-heating the water so that no 
steam is generated. Explosions of heating apparatus, 
however, are constantly occurring, and are generally due 
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to a stoppage of the circulation in the pipes which causes 
steam to generate in the boiler, and, being without safety- 
valve, the pressure accumulates until it becomes so great 
as to cause explosion. 

The most usual stoppage to circulation in such a case is 
ice in the winter, many cases of which occur every year, 
and to prevent this fires ought to be kept going all night in 
frosty weather. Imperfect circulation, there being insuffi- 
cient water in the tubes (865) and the failure to open the 
flow or return valve before lighting the fire (1819) have 
also caused explosion. In report 1564 the Commissioners 
made the following recommendations for the protection of 
hot water heating apparatus in frosty weather: 

{a) A proper and efficient safety-valve. 

(i b ) During frosty weather — the fire to be kept alight or the 
pipes and boiler to be emptied of water when the boiler is 
not in use, and that the pipes and boiler have necessary 
fittings for such purpose. 

(c) The pipes to be j> r otected as much as possible from 
frost. 

{cl) Printed instructions to be hung up near the boiler for the 
guidance of those using it. 

A very important report of failure of heating apparatus 
investigated by the Commissioners is 1862(a). In that 
case the heating apparatus of a school exploded under such 
circumstances that it was clear that there must have been 
very excessive pressure in the pipes, but the Commissioners 
did not express any opinion as to how the pressure was 
caused. They pointed out the desirability of having safety 
mountings fitted, but admitted the difficulty of designing 
a safety-valve which would not do great damage by dis- 
charging the water in the pipe, so as to cause a vacuum 
and waterhammer. They suggested that a hot water 
pressure-gauge should be fitted. 

d 2 
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Another type of “ boiler 55 which is often without safety 
appliance is a vessel which receives steam from a boiler for 
the purpose of manufacture or cooking, and which is pro- 
vided with a relief pipe to exhaust the steam. Such a vessel 
may not be intended to receive steam at boiler pressure, 
and may have a reducing-valve fitted between it and the 
boiler. The valve reduces the pressure of steam from boiler 
pressure to some pressure which the vessel is designed to 
withstand. Neithe r relief pipes nor reducing-valves , how- 
ever , are entirely reliable . 

Examples of such vessels are kettles, steam heaters, 
drying tables, steam mangles, tiers for bleaching, : distilling, 
&c., rag boilers and rubber devulcanisers. 

Relief Pipes. — Many cases have been investigated in 
which the area of the relief pipe has been inadequate to 
relieve the vessel of the full pressure of steam as it comes 
from the boiler, so that the pressure has become accumu- 
lated and caused explosion. 

These cases comprise: blow-off tank in which the 
blow-off valve became jammed and could not be shut 
(1777) ; drying table by the negligent or inadvertent closing 
of the outlet or relief pipe (1102), (1960) ; vulcanising pan 
in which the attendant was misled by the pressure-gauge 
being out of order (1791) ; kettle in which the area of the 
relief pipe was too small (1938); drying cylinder where 
the area of the inlet was double the area of the outlet 
(1323), and numerous cases of cast-iron kiers. 

Relief pipes are also in danger of becoming choked if 
the vessel contains material capable of choking it. 

Relief pipes of stills for distilling creosote oil have 
become choked with creosote salt (202), for distilling 
ammonia with deposit (1972), for distilling tobacco water 
with fibrous material (1217), for distilling oil with pitch 
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(1081), causing the pressure in the vessel to accumulate 
to the full boiler pressure. 

Reducing-Valves. — If the vessel is intended to withstand 
some lower pressure than boiler pressure, the pipe between 
the boiler and vessel may be provided with a reducing- 
valve, which, by offering resistance to the passage of the 
steam, causes the steam to enter the vessel at a lower 
pressure than boiler pressure. If this valve fails to operate, 
the steam will pass into the vessel at full boiler pressure. 
Failure of reducing valves has been the cause of many 
explosions in such vessels (2089). 

Explosion has been caused by the removal of the re- 
ducing-valves by an ignorant foreman because he was not 
satisfied with their working (2050), and the reducing-valve 
has become inoperative by the sticking of the controlling 
piston which shuts off the steam when the pressure becomes 
too great. This has been due to corrosion (1876), dirt 
which has passed into the steam pipes when the boiler 
primed (969), and a resinous substance which exuded from 
the indiarubber diaphragm (1789). Reducing- valves want 
careful periodical examination, and in every case a pres- 
sure-gauge ought to be used, so that, on the valve becoming 
inoperative, the attendant will see the increase of pressure 
registered (2064). 

From the foregoing it will be seen that vessels not 
designed to stand boiler pressure and not provided with 
proper safety appliances are not free from danger. Either 
such vessel should be made strong enough to withstand 
the full working pressure of the boilei~, or it should be 
provided with a proper safety-valve and pressure-gauge. 
A pressure-gauge alone is not enough to ensure safety as 
human negligence to observe it has to be guarded against. 
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In this respect several important reports have been made 
by the engineer-surveyor to the Board of Trade, and by 
the Commissioners on the necessity of fitting all such 
vessels with proper boiler mountings. The following are 
extracts from the reports : 

Report 1102. — The engineer-in-chief made the following 
recommendations for preventing explosions in drying 
tables, &c. : — 

(1.) To make the apparatus of sufficient strength to withstand 
the full pressure of the boiler from which the circulating steam is 
taken; or — 

(2.) To fit the apparatus with efficient safety-valve or valves 
of suitable size having regard to size of inlet pipe, and to load it 
or them to a pressure not greater than that which the chest is 
\ capable of withstanding with safety ; or 

\ (3.) To omit any means by which the orifice of the outflow pipe 

\can be intentionally or inadvertently closed. The area of this 
pipe should also be sufficiently in excess of that of inlet pipe to 
prevent the possibility of pressure within the chest exceeding that 
which it is capable of withstanding when the orifice of inlet pipe 
is full open to the boiler. 

Report 1972. — The Commissioners, after investigation of 
the explosion of an ammonia still which had failed by 
reason of the choking up of the relief pipe, fined the owner 
for not working the still under safe conditions, and made 
the following recommendations: — 

“ That a still or boiler of this description should be fitted with 
proper and efficient mountings ( i.e safety-valve) and a suitable 
pressure-gauge/’ 

Report 1777. — The Commissioners said: — 

ie We are of opinion that a blow-off or intercepting tank should 
be so arranged that a pressure cannot he maintained under any 
possibility.” 

Report 1244 refers to the explosion of a C.I. kier which 
was supplied with steam from the boiler through a 
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reducing-valve. The valye became inoperative, and the 
Commissioners held the owners to blame, saying:— 

a They ought not to have worked the kier unless they knew how 
to work it properly, and unless it had a safety-valve and pressure- 
gauge it could not be so worked.” 

It appears from these reports, therefore, that in the 
opinion of the Commissioners a careful owner will fit all 
vessels which can under any circumstances become sub- 
ject to steam pressure with a safety-valve and pressure- 
gauge. 

2. Cases in which Safety Appliances have been provided. 
— Explosion from excessive pressure in a vessel mounted 
with a safety-valve can only result from the safety-valve 
failing to release the pressure after the safe working 
pressure of steam in the boiler has been attained. There 
are three main types of safety-valve, viz., the lever, dead- 
weight and spring-loaded safety-valve. 

Lever Safety-Valve . — The valve is held down by a weight 
suspended from a lever working on a pivot. In order that 
the valve should open, the steam pressure on the valve must 
exert a force, the moment of which around the pivot is 
greater than the moment of the weight suspended on the 
lever around the same pivot. 

Dead-weight Safety-Valve . — The valve in this case is held 
down by the weight directly above it, and can only lift 
when the pressure of the steam becomes greater than that 
of the weight. 

Spring -loaded Safety-Valve . — The pressure on the valve 
in this case is exerted by the resisting strength of a 
spring. 

Another form of valve, the spring -balance safety-valve , 
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used to be commonly fitted to small portable boilers, and 
is a combination of the spring 1 and lever safety-valves. 
The weight on the lever in this case is supplied by 
a spring capable of adjustment. This form of valve has 
been characterised by the Commissioners as most objec- 
tionable, because by screwing down the balance-spring a 
valve may be easily overloaded. 

Overweighting Valves. — Explosion due to excessive pres- 
sure may arise from the overweighting of the safety-valve. 
An additional weight on the lever of a safety-valve may 
seriously overload it because the weight on the valve is 
accentuated by leverage. Numerous cases of explosion by 
overloading these safety-valves are reported. In many 
cases such safety-valves have been deliberately over- 
loaded or even wedged down by ignorant or reckless 
attendants for the purpose of preventing the boiler 
from blowing off steam, or in order to give the engine a 
greater pressure of steam (1790) . This is a most dangerous 
practice, and one which is now subject to penalties. (See 

p. 11.) 

Another case of overloading lever safety-valves is re- 
ported (1298), in which the upper edge of the lever was hot 
notched to prevent the weight slipping towards the end of 
the lever, which it did by reason of violent vibration and 
an inclination in that direction. In case 650 a boiler was 
situated under a brick arch which, gradually subsiding, 
pressed down upon the lever of the safety-valve, so making 
it inoperative. 

Dead-weight safety-valves, on the other hand, are very 
unlikely to become overweighted by anything but a de- 
liberate application of a considerable additional weight 
upon them. The action of the weight on the valve is 
(Jirect, and therefore to increase the valve pressure to a 
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dangerous extent, considerable extra weight must be 
applied. 

The adjustment of safety-valves to the particular work- 
ing pressure at which the boiler may safely work requires 
great care and accuracy, and at no time ought to be left to 
an unqualified or subordinate engineer. The Board of Trade 
requires that the limit of weight on the safety-valve on 
board a steamship shall be fixed by an engineer-surveyor 
to the Board of Trade, and any person placing any greater 
weight on such valve is liable to a fine of £100 (B. T,. 
Rule 123). In report 1173 the Commissioners said that a 
safety-valve ought not to be fitted by the pressure-gauge 
alone. A second gauge should be fitted so that one gauge 
checks the other. 

Wrong Adjustment. — In the case of an adjustable spring- 
loaded safety-valve, it is most desirable that such valve 
should be encased in a locked box, so that no unautho- 
rised person can alter its adjustment when once made 
by the surveyor or responsible engineer. Explosions due 
to the wrong adjustment of the safety-valve (2023) and 
the deliberate screwing down of the spring-balance of 
the safety-valve (85) are reported. The spring of a spring- 
loaded safety-valve ought not to be very rigid, because in 
such a case a very small compression of the spring will 
increase the pressure to a dangerous degree. In one case 
it was pointed out that ^ inch relaxation of a spring reduced 
the lifting pressure of the valve from 250 to 160 lbs. per 
square inch (1377). 

Spindle set fast by disuse. — Another cause of failure of 
safety-valves is disuse, resulting in the valre or valve 
spindle being set fast by corrosion (113) or by choking 
with hard scale (853), in which case the Commissioners 
said that a safety-valve with centre spindle projecting 
beneath the guide is in danger of becoming encrusted with 
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scale and is not a proper construction. In order to obviate 
danger of sticking, the safety-valve should be repeatedly 
tested by lifting the valve from its seating while the boiler 
is in use, and on commencing to use a boiler after disuse 
the safety-valve spindle ought to be taken out, cleaned and 
black-leaded. 

Area and lift of Valve. — The purpose of the action of 
the safety-valve is clearly to relieve the pressure in the 
boiler. It is, therefore, important that the area and lift of 
the valve should be sufficient to allow as mluch steam to 
escape as is being generated in the boiler, for if generation 
of steam overtakes relief, the pressure will accumulate and 
so cause explosion. 

Several cases are reported (590), (1206), in which ex- 
plosions have been caused by the comparatively small area 
of the safety-valve. 

The rate of generation of steam is roughly proportional 
to the amount of fire-grate area of the furnace, whilst the 
rate of escape of steam from the valve will vary according 
to the pressure in the boiler at the time; so that B. T. 
Rule 124 prescribes a minimum area of safety-valve per 
square foot of fire-grate for boilers working at varying 
pressures and when the fires are burnt under a natural 
draught. If the fire is burnt under a forced draught the 
area given in the table must be multiplied by a number 
representing one-twentieth of the estimated consumption 
of coal per square foot of grate in pounds per hour, to find 
the -correct area. (See Appendix C, p. 109.) 

The lift of the safety-valve must be great enough to allow 
the free passage of steam from the valve, and is given 
by B. T. Rule 125 to be one-fourth the diameter of 
the valve. Similarly the pipe leading from the valve 
must be not less in diameter than that of the valve 
itself. 
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stoppage of Valve Pipe. — This has been the cause of explo- 
sion in many reported cases. The deliberate stopping 1 up 
of valve pipes for the prevention of escape of hot steam and 
water upon men cleaning the boilers caused several explo- 
sions (1948). This danger of explosion is accentuated by 
fixing the safety-valve on the pipe leading from the boiler 
and not directly connected on to the boiler. In Report 
1948 the safety-valve was outside the junction- valve, and 
men cleaning the boiler had plugged the junction- valve, 
to prevent hot water -dropping upon them, so causing the 
safety-valve to be inoperative. Writing of this explosion 
(“ The Distington Explosion ”), Mr. Hiller says : — 

“ Safety-valves should have direct and independent connection to 
the boiler, and not be connected with the main steam pipe or 
junction- valve, as in this case there is a greater likelihood of 
blocking up.” 

If the contents of the boiler are of the nature which 
clogs, the danger of stoppage is great. Explosion of stills 
resulting from clogging of safety-valve pipes are reported: 
with rags, grass and paper (82), and with froth from crude 
petroleum (955). 

Safety-valves should have stops to prevent them from 
being blown right out from their seatings when acted upon 
by the steam or by excessive priming of the boiler (1339). 

It should be noted that steam economisers may become 
subjected to steam pressure if the dampers of the flues 
are not closed when the circulation of water is stopped, 
and therefore should be fitted with a suitable safety-valve 
(1377), (1790). 

Pressure-gauges ought to be periodically tested by a 
standard gauge, as they are a very good test of a safety- 
valve’s action and constitute a second line of safety, but 
may be misleading if not regularly checked (509). 
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B. Weakness. 

A boiler may be weak by reason of the fatigue of the 
material, by wear and tear, or the use of unsuitable or 
faulty material in its construction. This weakness may 
cause explosion at a pressure not exceeding the working 
pressure, and such explosions are outside that class result- 
ing from excessive pressure because the primary cause of 
explosion is a fault in the boiler itself and not in the safety 
appliances. 

It is often difficult to determine whether an explosion 
due to weakness is caused by an incipient fault in the 
construction or material (e.g., bad workmanship or a latent 
flaw), or one which has developed during use, and those 
which develop during use are often due to some fault in 
design ( e.g ., insufficiency of stays). 

The stresses in the material of a boiler are “ live ” 
stresses, constantly varying in intensity by reason of varia- 
tions in temperature and pressure. Variations in stress 
may bo accentuated by improper use of the boiler or by the 
faulty construction or repairs of the boiler, and rapid and 
large variations cause the material stressed to become 
fatigued and to lose its tenacity and ductility so that 
eventually it gives way under the working stress. 

Weakness due to improper use of the Boiler. — Sudden 
changes of temperature are highly injurious to a boiler, 
and cause in it distortion which sets up severe stresses in 
the seams. Cold water pumped into the hot shell of a 
boiler or hardfiring a boiler filled with cold water causes 
uneven contraction and expansion which induces severe 
stresses in the seams. 

In one case an explosion was caused by injury to the 
shell of the boiler due to unequal stresses set up in it by 
blowing the boiler down and rapidly getting up steam again 
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from cold water (1105), while several cases are reported of 
explosions under normal pressure due to injury done to the 
boiler by pumping cold water into it (28), (603). These 
cases want differentiating from one recently investigated 
by the Commissioners (2068). In this case, the shell of a 
devulcaniser was jacketed and into this jacket was let 
steam for devulcanising purposes. After exhausting the 
steam, cold water for cooling purposes was gradually let 
in. It was admitted by the Board of Trade engineers that 
.there was nothing objectionable in this operation, because 
the cool water in entering the jacket was met by the resist- 
ing heat of the volume of caustic soda and rubber within the 
devulcaniser and did not, therefore, immediately cool the 
plates, though there might be some injury to the outside 
shell. Cold air impinging on the furnace plates when the 
doors are open for stoking, and dampers also open, may 
cause injury (29). The feeding of a boiler which has 
become overheated by shortness of water (see pp. 66, 67), ' 
with comparatively cold water is very dangerous (1753), 
as in that case the exposed plates will immediately contract 
and distort the boiler. Banking fires against the bottom 
tubes and drain of a water-tube boiler, which were cooled 
by the draught from the furnace doors when the fire was 
drawn forward in the morning, caused the metal to become 
hard and brittle, and eventually to give way under normal 
pressure (1979). To avoid this danger a brick bridge ought 
to be built at the back of the furnace in front of the tubes. 

The result of the stresses set up by rapid changes of 
temperature may be to fracture the metal of the boiler, or 
if no fracture actually occurs, the ductility and tenacity 
Of the metal may be seriously reduced, causing explosion 
when pressure is got up in the boiler. 

Rapid variations of temperature, therefore, must be 
avoided* Fire doors ought to be opened for as short periods 
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and as rarely as possible, and the dampers should be shut 
to reduce the draught. The firing of the boiler filled with 
cold feed ought to be gradual. 

If it is necessary to raise steam rapidly from cold water, 
artificial circulation may be used. This may take the form 
of a hydrokineter, or it may be a circulating pump drawing 
water by suction from the bottom of the boiler and intro- 
ducing it through the feed near the water level. A boiler 
ought mot to be blown down at a higher pressure than about 
10 lbs., lest the cooling be rapid when all the steam is blown 

off. Intone case .'.the fracture of a screw stay causing 
* 

explosion was due to improper management, the practice 
being to blow the boiler down at a pressure of f 100 lbs. 
every week (48). Mr. Hiller says: — 

“The cooling and emptying of a Boiler should be done as 
gradually as possible. The best course to adopt when it is 
intended to stop a boiler is : close the damper, shut off the 
junction-valve, and close the fires. Then allow the boilers to 
stand one, two or three days, as found necessary, until it and the 
' surrounding brickwork are cooled. Then ran the water off, and 
open the boiler and the flues. ... Of the more rapid methods of 
cooling boilers probably the least objectionable is the plan of 
introducing cold water at the same time as the hot is run out. 
Where there is a large amount of water available for carrying out 
this plan, the feed is set to work and the boiler is fed at the same 
time as the hot water is allowed to run away at the blow out, the 
inflow being adjusted to the same rate as the outflow. ... In 
many cases the boilers are blown off under pressure after the 
junction-valve has been closed and the fires drawn. The blow out 
tap is opened and the hot water blown out by the steam. This 
plan is open to many objections. Amongst the most serious of 
these is the fact that the sudden and rapid change of temperature 
is liable to seriously strain the boiler seams ; also, the scale and 
deposit being left on the hot plates are generally baked hard and 
rendered very difficult to remove. 

The most objectionable of all methods of emptying and cooling 
a boiler is to blow it out under pressure, and afterwards to run cold 
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water in in order to cool the shell still more rapidly. . . . This plan 
should never be adopted ; it is always likely to seriously injure a 
boiler.” * 

An exceptional case of weakness due to improper use 
was that reported (1812) in which wet yarn passing fre- 
quently throughout a period of eight years over a drying 
cylinder had worn the metal so that it had become too weak 
to resist the normal steam pressure. The chafing of a loose 
internal feed pipe caused wear and explosion of one of the 
fire tubes of a marine boiler (2059). 

N.B. — Cases of erosion by fire are included nhder 
External Corrosion, p. 58. 

Weakness due to Faulty Construction. — Insufficiency of 
stays or a faulty form of seam may cause the flanges and 
plates of a boiler^td-fatig-ue by the constant movement due 
to variation in pressure and temperature. This wearing 
action causes the metal to become hard and brittle, and 
a groove or crack to be worn in the metal at the point 
where the expansion and contraction is localised. It is 
called grooving . 

Curved Lag Joints . — Grooving often takes place at the 
curved lap joints of boiler plates because the arc of the 
circle is distorted by such a joint, so that the stresses due 
to expansion and contraction are localised near to the line 
of rivets. Grooving of longitudinal lap joints of horizontal 
and vertical joints of vertical boilers has caused seam rips 
of boilers (465). 

This danger is obviated by the use of butt joints with 
two covering plates which preserve the arc of the circle 
right round the periphery of the boiler. 

The flanges of the flat end-plates of boilers are particu- 
larly subject to grooving. The varying pressure in the 

* “Working of Steam Boilers,” by Edward G*. Hiller, Chief Engineer of 
the National Boiler and General Insurance Co., Ltd. 
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boiler sets up a form of panting in the end-plate* causing 
a circular crack to develop in the knuckle of the flange of 
either the end-plate or the furnace flue (2028). A large 
radius of the flange reduces risk. 

There have been many examples of this wearing action. 
In every case the chief cause has been the lack of or in- 
sufficiency of stays. Either there have been no stays 
(1782) or the stays have not been strong enough to prevent 
panting (2028), or broken stays have not been renewed 
(1718). The top plate of a vertical boiler is subject to this 
panting action and ought to be stayed (1763). Stays them- 
selves may become fatigued by the varying stresses due to 
steam pressure, especially if the conditions of working of 
the boiler are heavy (1710), or if there is constant vibration 
of the boiler bed (1718). If one stay fails by fatigue the 
other stays are more quickly fatigued (1300). Tubes which 
■act as stays may similarly become fatigued and fail, and 
such tubes ought to give more than frictional support to 
the ends by being screwed into the plates (1740). Ends of 
water -tube drums are not generally flat, but are made to 
the radius of the drum, so do not require stays. They 
should, however, be carefully examined for signs of groov- 
ing (1699). Some Lancashire and Cornish boilers are now 
made with deeply dished ends and require no other stays 
than the furnace flues. 

Grooving is generally accompanied by corrosion as the 
varying stress in the plates accelerates corrosion. (See 
Corrosion, p. 54.) 

Other examples of faulty construction of a boiler causing 
explosion are latent -flaws . These ought to be discovered by 
hydraulic tests before the boiler leaves the makers, but 
as has been pointed out by the Commissioners' report a 
hydraulic load is applied gradually, whilst a steam pres- 
sure is alive and varying, and an initial flaw may only 
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become dangerous by the action of the steam pressure 
(1699). It is of course a difficulty to determine how long 
a flaw has existed in a boiler which has been in use for 
some length of time, but the cases of explosion due to flaws 
in the material do provide some indication of the most 
usual way in which incipient flaws arise. 

Flaws in bolts very often arise from unequal and too 
great tightening up of the nuts. These flaws which may 
be caused in the bolts of steam chests (1843) or manholes 
show the necessity of great care in fitting mountings to 
boilers. Similarly the over-tightening of tube stoppers 
may cause fracture (1864), and the screwing up of a stop 
valve too hard has caused fracture of a valve. 

A similar cause of fracture is that of using excessively 
high pressure in closing rivets or the overheating of rivets 
by rivet boys (1082), which, together with the contraction 
of the rivet in cooling, causes the head to fracture. 
Caulking of the seams with an improper caulking tool or 
the drifting together of the rivet holes in two plates has 
caused fracture of the plates. 

Punching the rivet holes before bending the plates is a 
bad practice, because the plate, having lost strength by the 
loss of metal, is likely to become hard and brittle and so 
resist bending and cause cracks (60). The holes ought 
to be drilled, and even this ought to be done after bending 
(265). (See also B. T. Buie 98.) 

Cracks are sometimes developed in the knuckle of a 
dished end of a boiler by the use of an hydraulic rivetter 
(1699). In that case the indentation made by the rivetter 
caused the radius of the knuckle to be reduced from 1 to 
J inch, reduced the thickness of the plate, and made the 
metal brittle. Similarly hammering in the flanges of a 
dished end in order to make a good fit between it and the 
longitudinal plates may cause fracture, 


b.e. 
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Cracks have also been caused by using a too heavy 
hammer (6 lbs.) in cleaning off scale in a boiler. 

Long externally-fired egg-ended boilers have a tendency 
to develop scant rip, and the Commissioners said (1124) 
that they required the most careful and frequent attention, 
whilst if they were very long ( e.g 66 feet in report 873) 
they characterised them as dangerous to the public. 

Other cases are reported (384, 397, 603, 819). 

In Eeport 873 the Commissioners said: 

“ Long cylindrical externally-fired boilers are liable to incipient 
fractures which cannot be detected upon examination by competent 
persons ; that such boilers when working are liable to sudden 
fracture or seam-rip owing either to the development of such 
incipient undeveloped fractures or the stresses produced by the 
unequal temperature to which the several parts of these boilers are 
subjected, and that in the interests of public safety the use of 
boilers of this type of extreme length should be discontinued.” 

In report 2049 it was suggested, that the submerging of 
a ship’s boiler while under steam developed cracks. 

Cast-iron is particularly susceptible to incipient flaws 
owing to uneven cooling in the moulds, and this makes it 
altogether an unsuitable material to withstand high steam 
pressure. Eeport 1841 deals with the explosion of the 
C.I. dome of a locomotive, and it is there stated by the 
engineer-surveyor-in-chief that cast-iron is not suitable for 
covers of large openings to boilers. Similarly cast-brass 
is condemned, especially as brass becomes weakened by a 
moderate heat (170). 

Cast-iron kiers, &c., ought never to be subjected to high 
steam pressure. 

Another common fault in construction is defective welds. 
The welding of seams of small boilers or steam receivers 
is dangerous (1532), (1890). In the latter case it was 
pointed out by the engineer-surveyor-in-chief that .there 
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was great difficulty in making a good weld in such vessels 
because it was almost impossible to get the heat to the seam 
all round and to work the seam properly afterwards. 

The defective welding of stays has also caused explosion 
(1316), as also of tubes of water-tube boilers (1525). 

The detection of fractures in the small screwed stays 
of a locomotive firebox may he difficult. In Report 2047 the 
Commissioners said: — 

“ The hammer test cannot be relied upon as far as the firebox 
small screwed stays are concerned. Until this explosion no one was 
aware that any of the firebox stays were fractured. As a result 
of this explosion the practice of drilling small holes axially in the 
firebox screwed stays has become more general, and ha our opinion 
it is an additional safeguard.” 

Weakness due to Faulty Kepairs. — Injudicious repairs 
or alterations of a boiler have frequently led to disaster. 
The removal of Qalloway tubes weakens the strength of 
the flues, and several such removals have resulted in the 
collapse of the tubes. The Commissioners pointed out in 
report 1510 that although stays had been substituted for 
tubes and had been intended to compensate for them, the 
stays (not having circulating water within them) become 
heated by the furnace gases and therefore are in grave 
danger of buckling. Other cases of removal of tubes 
causing failure are (134, 940, 1565, 1825). 

The cutting of manholes or sight-holes in boilers without 
fixing a compensating ring (440) has caused explosion, 
while in one case the ring was improperly constructed in 
having the flanges of the angle irons cut at the corners, 
thereby failing to compensate (969). 

The practice of plugging a tube of a locomotive under 
repair with an iron plug and continuing to work the loco- 
motive has resulted in several accidents. In report 1135 
the Commissioners said that it was dangerous to work a 

e 2 
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locomotive under these conditions, and although it may be 
necessary to meet an emergency to drive an iron plug, at 
the earliest opportunity a through rod should be inserted 
and properly secured. If this were impossible a bolted 
patch covering the hole should be put on the tube plate. 
If a rod is used it must be strong enough to withstand the 
pressure. A weak rod failed while being tightened up when 
the boiler was under steam (1591). 

In one case (1998) chain studding, was used to repair. a 
short crack in a furnace crown, and subsequently, appa- 
rently under normal working conditions* one length of 
studding was blown out and fresh cracks developed. It 
was pointed out by the engineer-surveyor-dmchief that such 
a method of repair should only be resorted to as a tem- 
porary expedient because it has no value in reinforcing the 
strength of the defective plate. 

The use of a slide valve cover designed for a low pressure 
engine for a higher pressure cylinder without making 
calculation of strength and factor of safety caused explosion 
( 2002 ). 

After repairs an hydraulic test ought always to be applied 
to ascertain that the joints are tight, &c., but it should 
never be used higher than twice the working pressure of 
the boiler (1301). 


C. Cobkosion. 

Corrosion, internal and external, is the most prolific 
cause of explosion of boilers. By far the greatest number 
of cases of explosion due to corrosion are directly due to 
the negligence of the owner in not having the boiler 
examined before use or inspected periodically during use, 
and do not arise from any obscure cause. There are, how- 
ever, certain factors in the management of a boiler which 
accelerate corrosion, and these are dealt with hereunder. 
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(1.) Internal Corrosion (i.e. 9 on the water side). — 
Neither hot nor cold water alone has any action on wrot 
iron or steel, and only a superficial action on cast-iron. 
The presence of an acid is essential to corrosion* ( vide ex- 
periments by Dr. J. Newton Erielnd, Proceedings of the 
Iron and Steel Institute, 1908, ii., 5). Oxygen is also a 
necessary factor in corrosion. 

In boilers acid may be contained in the feed water itself 
or in the air mixed with the feed water. 

The two main causes of internal corrosion are therefore 
(i.) acid in the feed water, and (ii.) air in the feed water. 

The total exclusion of either the one or the other 
effectually checks corrosion. 

(i.) Acid in the Feed Water . — It is practically impossible 
to rid feed water entirely of acid. Carbonic acid is con- 
tained in the purest water and the chemical action set up 
liberates more acid, so that the accumulative effect of a 
small amount of acid may be very great. 

Different qualities of feed water, however, contain a 
greater or less amount of acid, and many explosions have 
been due to the use of unsuitable water, causing rapid 
deterioration (2099). 

It would be outside th.e scope of this work to detail the 
analyses of waters which have proved corrosive, and it is 
sufficient here to say that common salt and chlorides of 
magnesia and lime (which are the most common salts found 
in feed water) are constituents which accelerate corrosion 
in a boiler, whilst soda or lime diminish corrosive action. 
(Mr. Stromeyer, “ Advice to Boiler Attendants, ” 1910, 
p. 114.) 

Every steam user is well advised to have the feed water 

* Controversy still rages as to the truth of this statement by Dr. Friend, 
but as all air contains carbon dioxide, and additional acid is liberated when 
corrosion commences, the question is of greater theoretical than practical 
interest. 
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of his boiler analysed from time to time and only to use 
antidotes for corrosion on the advice of an expert. 

It ought not to be forgotten that river water changes in 
analysis from time to time, especially at times of drought, 
and that a user is not justified in using feed water from year 
to year on the strength of analysis made at the commence- 
ment of the use. 

Some patent scale absorbers have been found to contain 
corrosive acids and should never be used without advice. 

An injudicious use of soda causes priming of the boiler 
and leakage of the seams. 

(ii.) Air in the Feed Water . — Oxygen is a necessary 
factor in corrosion. The presence of air in' the boiler- there- 
fore accelerates corrosion. 

Air let in with the feed water is given out yvhen the 
water comes in contact with the hot boiler plates. If the 
circulation of water in the boiler is not good, the bubbles 
of oxygen given out below the water line may remain in 
contact with the plate, or if the air is not allowed to escape 
it may collect between the water and the steam. 

The oxygen thus supplied, in combination with any acid 
in the water or carbonic acid in the air (however weak) 
starts a process of rusting which yields up more carbonic 
acid and thus renews the attack upon the plate. This 
corrosion, which may take the form of pits eaten into the 
metal in patches below the surface of the water or just 
above the water line, is called Pitting . This will take place 
most rapidly where the circulation of water is the least- 
active and where the movements of the boiler by excessive 
straining will loosen the rust and expose more metal to the 
air. 

Mr . Stromeyer says: — 

“ Certain it is that if there is any pitting going on in a boiler 
the greater part, is sure to be found along the line of firebars. 

& _ 
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Another part which is also severely attacked is the under-side of 
the furnace and combustion chamber, for here the air bubbles 
cannot rise if they have once been formed.” * 

The reports contain many cases of explosion due to 
pitting or local corrosion. It is a common form of corrosion 
in water tubes, generally near the headers in the area 
affected by the expanding of the tubes (2075). It has also 
caused the explosion of economiser tubes, and in report 
2080 it was suggested that such tubes should occasionally 
be taken out and cut up for examination. 

If the air in the feed water is entirely expelled before 
admittance to the boiler, pitting becomes impossible. 
The use of distilled or condensed feed water which contains 
little or no air and a feed pump which introduces no air 
into the boiler greatly reduces this danger of pitting. 
(Memo. Chief Engineer of Manchester Steam' Users, 1910.) 

Leaving a boiler idle without completely drying it and 
keeping it dry, causes rapid corrosion. If a boiler is left 
idle while empty it ought to have trays of unslaked lime v 
placed inside it to absorb all moisture and be closed air- 
tight. If it is to be left full, ready for use, bxtfnt lime ought 
to be added to the water. Leaving an idle boiler full of 
water is not a good practice. (Mr. Stromeyer, “ Advice 
to Boiler Attendants.’ 5 ) 

The following conditions accelerate^ internal corrosion : — 

O) Galvanic Action. — This is the action which takes place 
in every case where two metals of different potential are 
connected and immersed in an acid. There is disintegra- 
tion of the electro -negative metal whilst the electro -positive 
is preserved. 

The lack of homogeneity of the metal of a boiler causes 
galvanic action between the particles of different potential 


* “ Marine Boiler Management and Construction.' 



56 


BOILER EXPLOSIONS 


in the metal* An infinite number of galvanic cells are pro- 
duced. Carbon is electro -positive in relation to iron, so that 
tire iron suffers disintegration. This was one of the sug- 
gested causes of very active corrosion in report 2066. 

Where different metals are in contact in the boiler the 
same galvanic action is produced. 

Copper and brass are electro-positive to iron, so in con- 
tact with iron they tend to destroy the iron. 

On the other hand zinc, tin and lead are electro-negative 
to iron and in contact with iron tend to preserve the iron, 
but themselves become destroyed. 

Cases 495 and 942 are instances in which corrosion has 
been accelerated by tire contact of metals of different 
potential. 

(&) Animal or Vegetable Urease on the Plates. — Eats are split 
up into acids and bases when heated to a temperature of 
a little over 212° E. and the acids thus liberated attack 
the iron. Mineral oils are, on the other hand, harmless as 
they contain only hydrogen and carbon. (Stromeyer, 
“ Marine Boiler Management and Construction.”) 

(o) indentation or Scratch — The internal surface of a boiler 
ought to be smooth and even, as a scratch or indentation 
(especially near tire water surface) becomes the centre of 
corrosion and pitting. (Cushman, “ Preservation of Iron 
and Steel.”) 

(2.) External Corrosion. — External corrosion, when it 
occurs, is often more rapid than internal. The reason for 
this is that there is a freer air supply and that the acid- 
laden fumes from the furnace accelerate corrosion. It 
ought, however, to be entirely obviated by entire dryness. 

The greatest danger of external corrosion is leakage from 
the seams (1762), or from patches (1325), (1734). Any 
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such leakage will cause rapid corrosion because the acid 
and oxygen are both present in the air. When the air con- 
tains sulphuric acid, as it does in all furnaces, the corrosion 
becomes rapid and may cause very rapid eating away of 
the plate. 

Leakage may also take place at other joints. Bad fitting 
of the screwed end of a stay tube (1927) or a screwed plug 
in the botton of a boiler (1731) or a badly executed patch 
(1734), have caused leakage which has resulted in corrosion 
and explosion. In report 1316 the absence of a nut or 
collar on the stay inside the front end-plate was spoken of 
as a serious defect in design, as the joint without such 
provision could not remain steam-tight. 

Corrosion from a leakage may be hidden by scale and so 
evade detection unless a very thorough examination is made 
(1312). 

Damp brickwork is also a grave danger. The metal 
under tire brickwork hidden from inspection may be 
gradually corroded without knowledge of the owner on this 
account. It is therefore most important that brickwork 
should be kept dry and that the brickwork in contact with 
the metal should be fire-clay brick. Explosion has occurred 
by the use of common brick in contact with the boiler plate 
through which the water percolated, giving rise to corrosion 
(1351). 

All parts of a boiler which are in danger of leakage ought 
to be away from the brickwork and the furnace gases. It is 
impossible to entirely accomplish this because some parts 
of the seam's m^sthe contiguous to brickwork, but all longi- 
tudinal joints should be kept away from the brickwork and 
the blow-off pipe should be recessed in a manhole so that 
the joints are not touching the brickwork. 

The outside covering of a boiler may be subject to drop- 
pings of water which, if laden with sulphur from fumes, will 
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rapidly corrode the metal if it reaches it (66), The failure 
to remove the lagging of a traction engine in order to make 
proper examination resulted in explosion (2067)* 

The great safeguard against explosion from' excessive 
external corrosion is thorough inspection . This can only 
be relied upon if the boiler is completely stripped for 
examination and the brickwork in contact with the 
metal removed periodically. The advice of the chief 
engineer of the National Boiler and General Insurance 
Company (Mr. E. G. Hiller), in this respect is important 
(see Appendix D., p. 118). Pie advises that the brickwork 
and non-porous composition of top coverings of unhoused 
boilers should be removed every five years for examination, 
and if the boiler is housed, every ten years ; and that the 
porous composition should be removed every ten and fifteen 
years in the cases of unhoused and housed boilers respec- 
tively. 

With regard to the flue brickwork he advises that it 
should be pushed back at each transverse seam every ten 
years for a length of about 12 inches, whilst vertical boilers 
should be stripped of their non-porous covering every five 
to eight years, and of porous covering every seven to ten 
years. The front cross-seating wall of a boiler should in 
his opinion be removed every ten years in all cases, and 
every two or three years if it is more than 9 inches wide, 
whilst if the seating is damp it ought to be removed every year. 

A common cause of external corrosion is damping the 
fires with moisture-laden ashes. Their moisture, laden with 
sulphur from the fuel, attacks the metal very rapidly. 
Similarly, to allow damp ashes to rest against the blow-off 
pipe or boiler front is dangerous (1996). 

Corrosion and Erosion of Fire Tubes. — Many cases are 
reported in which the tubes of a boiler have become very 
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rapidly worn .thin by corrosion and erosion caused by the 
use of coke containing sulphur and the forcing of the 
draught by the blower. The sulphur-laden fumes have 
caused corrosion whilst ashes and cinders have been carried 
by the draught through the tubes at high velocity, scouring 
them and wearing them away. 

In tramway and locomotive boilers this has caused many 
explosions. Brass tubes have been known to wear and 
explode in this way in about two years when worked under 
heavy conditions (1778), (1849), whilst copper tubes have 
worn away in the same manner in rather longer periods 
(1815). Tubes when inspected should be probed to detect 
pitting or wasting (1336). 

To obviate this danger it is most desirable that the tubes 
should be drawn regularly to ascertain their actual condi- 
tion, and they should be periodically subjected to an 
hydraulic test (1849). 

D. OvEKHEATING. 

The metal plates and tubes of a boiler adjacent to the 
fire and in contact with the furnace gases would become 
heated to the temperature of the gases if it were not for 
the presence of water in the boiler on the other side of the 
metal. The temperature of the water in the boiler depends 
upon the pressure at which steam is raised (see Table, 
p. 104), but rarely reaches a temperature greater than 
400° F. (pressure 250 lbs. per square inch), so that while 
this is in contact with the metal on one side the plates can- 
not greatly exceed this temperature though there be gases at 
a temperature of over 2500° F. on the other side. The heat 
on the furnace side is conducted through, the metal to the 
water and there is used in forming steam, so that it is pre- 
vented from heating the plate to the temperature of the 
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gases. If, however, there is any obstruction to the trans- 
mission of the heat from the furnace to the water, the 
metal of the plates will retain the heat and rise in tem- 
perature and become red hot. Metal loses strength when 
heated, and if it becomes red hot has comparatively very 
3 little strength to resist the pressure of the steam within 
the boiler. The result is, therefore, that when these plates 
are heated beyond a certain temperature their strength is 
so seriously reduced that the internal pressure of the boiler 
overcomes it and the plate is bulged out and fractured. 

The following table given in report 253 is the result of 
experiments made at the Franklin Institute on iron boiler 
plates at high temperature, the mean maximum tenacity 
being at 550°=65,000 lbs. per square inch. 


Temperature 

JF°. 

Percentage 
Diminution 
of Tenacity. 

Temperature 

F° 

Percentage 
Diminution 
of Tenacity. 

550 

0 

932 

33*24 

596 

8*99 

1030 

44*78 

652 

11*55 

1111 

55*14 

722 

14*36 

1155 

60*00 

766 

15*89 

1237 

66*22 

824 

20*10 

1317 

70*01 


Metal is a good conductor of heat. The heat of the gases 
is conveyed away from the plate to the body of water inside 
the boiler by rapid circulation, but if (i.) steam is in con- 
tact with the plate because the water level is too low, or 
(ii.) there is a deposit of material with low conductivity 
(e.g., lime, mud, dirt, &c,), or (iii.) there is grease on the 
plate— then in any of these cases the heat is not conducted 
as readily from the metal to the water and the temperature 
of the plate rises in consequence. These causes of explo- 
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sion or collapse must be considered in detail and the 
contributing causes of each. 

1. Shortness of Water in the Boiler. — Steam is, compared 
with water, a bad conductor, so that if the level of water 
in the boiler becomes lower than the highest part of the 
metal plates or tubes in contact with the hot furnace gases, 
the heat is not as rapidly carried away from the plate or 
tube, which therefore becomes red-hot. 

As will be seen from the table on p. 29, a great number 
of explosions and collapses have been attributed to this 
cause. 

The mountings of the boiler which mitigate the danger 
of allowing the level of the water to fall below the height 
required are: 

(i.) Water-gauge glass. 

(ii.) Low- water alarm. 

(iii.) Automatic feed regulator. 

The first is a tube of glass connected at the top and 
bottom to the boiler, in which glass the water will rise and 
fall with the rise and fall of the water in the boiler. The 
level of the water i,n the glass indicates to the boiler atten- 
dant the level in the boiler, and when all the water goes out 
of the glass the level of the water has become dangerously 
low. It is very important that the glass should indicate 
correctly, as from those indications the attendant uses his 
judgment in supplying the boiler with feed water. 

Another safety appliance is the low-water alarm. This 
alarm is actuated by a float which, resting on the water 
and sinking with it, causes a valve to open when the water 
falls .to a dangerous level. The escaping steam sounds a 
whistle which gives the alarm to the boiler attendant. (It 
may also be mentioned here that many low-water alarms 
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are also fitted to give alarm when the water in the boiler 
reaches its highest safe level. Filling the boiler too full 
causes the boiler to prime and water to be carried in the 
steam pipe, thus increasing the danger of waterhammer or 
water in the cylinder.) 

Neither the water-glass nor low-water detector is “ fool- 
proof,” as in the one case the attendant may neglect to 
notice the gauge, and in the other case disregard the alarm' 
whistle. 

Many users do not fit their boilers with low-water detec- 
tors. It is contended that an attendant in charge of a 
boiler fitted with this mounting is more likely to disregard 
the water-gauge, and therefore the boiler is wholly depen- 
dent upon the working of the low-water alarm. Accidents 
have occurred by failure of low- water detectors. In one 
case there was an error in judgment in fixing the relative 
weights of the float and balance when the float was im- 
mersed in water (397), and in another case the alarm failed 
to act, ‘whilst in another 'the whistle was deliberately gagged. 
In report 509 the Commissioners said: “ A stone float is 
not always reliable and a water-gauge ought to be fitted 
as well.” And the same opinion was expressed in report 
1504. 

An automatic feed regulator is a fool-proof safety appli- 
ance, but one which is itself in jeopardy of breakdown, 
and therefore should not be used to the exclusion of the 
water-gauge and low-water detector. 

An appliance which, though not proof against over- 
heating of the plates lessens the danger of serious explo- 
sion therefrom, is the fusible plug . These are metal cones 
fitted into the furnace crown of a firebox and into the 
plates immediately above the fire, held in position by an 
alloy of low melting point. If the furnace plates become 
over-heated the alloy melts and the cone drops, allowing 
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the steam and water to escape into the furnace and put out 
the fire. 

Fusible plugs will not act unless kept clean. Numerous 
cases of over-heating have been investigated in which the 
boiler was fitted with a fusible plug which failed to act 
owing to the plate over the plug having upon it a deposit 
of scale (41), (2004), or through the plug having become 
choked with scale so that though the alloy melted, the scale 
prevented the water and steam from escaping into the 
furnace (55), (2096). It is advisable that the fusible' plug 
should be taken out occasionally and re-set with alloy in 
order that the scale upon it can be got rid of. Insurance 
companies recommend that this should be done about every 
eighteen months or two years. 

It requires considerable pressure to blow out the plug, 
and therefore if overheating takes place before steam 
pressure is obtained the water will not escape from the 
boiler (1753). 

A fusible plug of large diameter is extremely dangerous 
as the rush of stream into the furnace would then become 
so great as to cause damage to the attendants in the boiler 
house. Report 1965 deals with a case in which a fusible 
plug of one-inch orifice melted and the consequent rush of 
steam caused considerable damage. The Commissioners 
recommended that the area of fusible plugs should be 
reduced to the smallest practical limits. 

Shortness of water in the boiler may occur by reason 
of the direct negligence of the attendant in failing to feed 
the boiler with water (1504), or: 

1. Failure of the feeding pump and the lack of auxiliary 
means of supplying the boiler with water. One common 
cause of failure of the feeding pump or injector is choking 
from dirt, mud, or deposit. The feed pump requires the 
same periodical cleaning as the boiler. 
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2. Failure to feed through being misled by indications of 
water-gauge by: 

(а) Indistinct level of water in the gauge , by bad light 

in boiler house or by the gauge not having reflec- 
tors for the purpose of making clear the level of the 
water (1765). 

(б) Improper adjustment of the water-gauge by not 

allowing for the list of the vessel in the fixing of 
the level of water required (1776), or working 
boiler without renewing a broken water-glass 
(1686). 

(c) Total or partial stoppage of the by -passes of Hie 
water-gauge , which either prevents the water in the 
glass from falling as the water in the boiler falls 
or prevents the steam pressure entering through 
the top by-pass. Stoppage may occur: by scum, 
the boiler not being provided with scum cock 
(1725), by the rubber rings to the water-glass being 
■ i forced up into the opening of the glass owing to 

i • the glass tube being too short or being fitted loosely 

; ; into the bottom box (1739), or by the deposit from 

impure feed water (1601). 

On account of the danger of stoppage it is most important 
that the steam and water by-passes of a water-gauge should 
be frequently tested by blowing water and steam 1 from! both 
the bottom’ and top cocks alternately' through the drain cock 
(2106). The glasses of the water-gauges may themselves 
burst, and it is advisable to protect the glass by wire-netting 
if high pressure is used (Factory and Workshop Act, regu- 
lation, p. 9), especially boilers subject to vibration, or in 
danger of encountering cold draughts or being splashed 
upon by cold water. A double set of water-gauges is 
strongly recommended (2004), 
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3. Leakage. 

(а) Through Blow-off Cock . — For tlie purpose of clearing 

the bottom of the boiler of scale or mud deposit, 
the blow-off cock is frequently momentarily opened 
while the boiler is under steam. If something pre- 
vents the blow-off cock from shutting (1777) or, 
if by inadvertence, this cock is not entirely shut 
afterwards (360), the water in the boiler will 
escape and cause shortage of water. In order to 
guard against the negligent leaving open of this 
cock the key of the valve ought to be designed so 
that it is impossible to withdraw it unless the cock 
is closed (B. T. Rule 138). 

The blow-off cock pipe can be tested for leakage 
by feeling whether the pipe is hot outside the cock. 

(б) Through the Check-Valve . — This is a valve connected 

with the feed arrangements and which is provided 
to prevent a back rush of steam and water when the 
pressure of the feed pump or injector is released. 
If by some obstruction the check- valve fails to shut, 
the water will be blown through this valve. It is, 
therefore, better that the open end of the internal 
feed pipe should be fixed at a level above the fur- 
nace crowns so that even if leakage takes place the 
level will not be reduced below that of the furnaces 
(613, 782). 

( c ) Through defective Seams and Joints. — If the water 
is left in the boiler all night, or over the week end, 
though the level may have been satisfactory when 
left, it is most important to test the water level (by 
test cock and water-gauge) before lighting the fires. 
Through the attendant omitting to test the level, 
believing the water-glass to show a full tube when 
it was empty, overheating occurred in a boiler 

BfB* V 
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which had leaked overnight (1753). Shortness of 
water has also been caused by leakage past a 
stopper which was imperfectly fitted into a smoke 
tube which had failed (2087). 

Shortness of water may occur in water-tube boilers by 
reason of a partial or complete stoppage of circulation in 
any or all of the tubes. The water in the tube or tubes 
will in such a case become rapidly formed into steam, 
forcing out the water and causing the tube to overheat 
(676), (1168). A similar failure occurred in a heating 
apparatus on account of water being blown out of the boiler 
through the return valve owing to the absence of a non- 
return valve (2039). 

In vertical boilers the uptake is in contact with furnace 
gases on one side and steam on the other. This will cause 
overheating of the uptake if not protected. Usually the 
form of protection is a fireclay or cast-iron lining. 

With regard to the steps to be taken when it is discovered 
that the water is low , Mr. Hiller says : — 

“It is difficult to give any advice which is applicable to the 
treatment of a boiler in which the attendant finds out that the 
water is too low. The time which elapses between the furnace 
crown becoming bare and the actual consequent collapse may be 
short or long, according to the circumstances of the case. In 
some instances there may be time to cany out certain precautions, 
with a view to averting a serious accident, while, on the other 
hand, the time may be. so short as to render any attempt to carry 
out those precautions a most dangerous and inadvisable pro- 
ceeding. Generally, if it is found that the boiler is short of 
water, the dampers ought to be at once closed, the safety-valve 
eased, and, if possible, some damp ashes or other incombustible 
material (which would smother the fire) thrown on the fire. This 
step is usually better than drawing the fires, as the latter might 
cause a sudden rise of temperature in the furnaces, which would 
tend to increase the overheating of the plates. If on opening the 
fire doors it is seen that the furnace crowns are already heated, no 
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attempt to withdraw the fire should be made. The other steps 
before mentioned should, if possible, be taken, the feed also being 
turned on. Attempts to draw the fires when the furnace crowns 
are heated have often resulted in the attendant being killed. 

“If the attendant finds, on opening the fire door, that the 
furnace crowns are red hot, the best course is to withdraw from 
the front of the boiler at once, and to warn everyone in the 
neighbourhood, as it is probable that an explosion or most serious 
accident is about to occur. 

“ If the boiler is one of a range, the junction- valve should be 
shut off, otherwise the steam from the other boilers may enter 
this one, causing increased damage to this boiler and possibly 
dangerous priming in the others.” * 

2. Deposit oil the Plates or Tubes. — The deposit of a 
material of low conductivity on the plates or tubes of the 
boiler retards the transmission of heat from the furnace to 
the water, holding the heat and causing overheating by 
which the plate or tube loses strength. (Table, p. 60.) 

Feed water containing lime or magnesium carbonates 
deposits these materials on the plates or tubes of the boiler 
by reason of the carbonic acid being driven off by boiling. 

These deposits, precipitated under pressure, form a hard 
scale on the plates and tubes of the boiler which may 
become a source of very great danger. A deposit of scale 
J inch thick on tubes and f inch thick on plates has been 
sufficient to cause a tube or plate to overheat to such an 
extent as to considerably weaken it, and result in collapse 
or explosion (2015). 

Similarly deposits from muddy feed water on the boiler 
plates is dangerous (1524) ( e.g canal water). 

Water-tube boilers are particularly susceptible to over- 
heating by scale and deposit. The tubes require special 
attention in the matter of thorough cleaning (1842). There 
is a danger of any sediment being deposited at the bends 

* “ The Working of Steam Boilers,” by Edward G. Hiller, Chief Engineer 
of the National Boiler and General Insurance Co., Ltd. 

F 2 
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of the bottom of the tubes, and the Commissioners pointed 
this out, remarking that all water-tube boilers require 
constant attention (1720). 

Many means are provided for reducing the amount of 
hardness in the feed water. The most important is by the 
use of water softeners. In a paper entitled, “An inquiry 
into the workings of various water softeners/’ delivered 
before the Institution of Mechanical Engineers in 1908, 
Messrs. C. E. Stromeyer (the Chief Engineer of the Man- 
chester Steam Users’ Association) and W. B. Baron give 
principles and effects of all the most important means of 
softening water. 

It is not, however, safe to entirely rely on either chemical 
or mechanical softeners, and this does not dispense with 
the necessity of frequent and periodic examinations of the 
boilers. In a recent case (1720) the softener was not kept 
at a proper temperature so that sediment was carried into 
the boiler, which was but annually cleaned. The Commis- 
sioners said: — 

“ We desire to say that in our judgment it is a great mistake to 
place too much reliance upon water softeners. After all, tiro best 
way to see whether a boiler is in order is to open it up and inspect 
it, and we should observe that frequent cleanings and examina- 
tions of the tubes of this type of boiler (water-tube) are most 
important.” 

In case 1994 too much reliance was put on water 
softening plant and the boiler had not been cleaned for 
over six months. 

In regard to the form such examinations should take, in 
report 1301 the Commissioners said, speaking of the advis- 
ability of periodic hydraulic tests for water-tube boilers : — 

“We regard this test when properly and judiciously applied as 
a useful adjunct* to examination, but we feel that to subject all 
boilers of this type to periodic hydraulic tests as a means of 
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examination might lead to the adoption of such test to the 
exclusion of other means which should, in our opinion, be taken 
to ensure the safe working condition of these boilers, 

“ The means we recommend are as follows 

“ The use of suitable feed water. 

“Frequent examination of the tubes until proper periods of 
thorough cleaning have been ascertained. 

“The cleaning of all tubes at those periods, and their examina- 
tion after such cleaning by a competent person. 

“Abstention from forcing the tires so that the natural circu- 
lation of the water in the boilers may nob be interfered with. 

“Withdrawal of some of the tubes and cutting them for 
examination from time to time. 

“ The substitution, as opportunity offers, of solid drawn steel 
tubes for lap welded iron tubes. 

“ With regard to the intervals at which the tubes should be 
cleaned out, we desire to call attention to the fact that water in a 
boiler when standing or under banked fires is liable to deposit the 
same or even a larger amount of solid matter than is a boiler at 
work under steam pressure.” 

The length of period between examinations and cleaning 
is not stated because such period must depend upon various 
causes. 

It will depend principally upon the quality of feed water. 
If the water is very hard the cleanings must be frequent, 
whilst if it is free from deposit the periods may be longer. 
However, whatever the nature of the feed, examinations 
ought to be made frequently, and in respect of water-tube 
boilers with softened feed the Commissioners have on more 
than one occasion approved that the period between clean- 
ing should not exceed 500 working hours, and between 
examination, of at least the bottom tubes, should no 6 exceed 
six weeks (1684), (1720). 

In regard to all boilers, fire-tube and water-tube, the 
Coal and Metalliferous Mines Regulations call for cleanings 
“at least every three months, and oftener if necessary.” 

A blow-off pipe of an externally-heated boiler passing 
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through the combustion chamber is particularly susceptible 
to overheating with very little deposit in the pipe (1218). 

If feed water contains salt in solution the solids 
will not be deposited until it becomes saturated. Before 
saturation point is reached a solution of soluble salts 
becomes too dense to ensure safe working. The dense 
liquid does not circulate properly, and becomes so dense 
near the plates as to cause crystals to be deposited and heat 
transmission checked. 

The constant use of the solinometer (which indicates the 
density of the liquid) is essential to the safe working of a 
boiler fed by salt water, and such density must never ex- 
ceed 4/82, though salt water does not commence to crystal- 
lise until it reaches 8*4/32 (Stromeyer, “ Marine Boiler 
Management and Construction ”). 

Condensers have been installed upon most steamships 
now, but if by reason of their failure salt water is used it 
must be tested frequently with the salinometer and the 
boiler blown down when the density reaches the limit 
indicated above. 

3. G-rease on the Plates or Tubes. — Grease on the plates or 
tubes of boilers is extremely likely to cause overheating. 
It offers ten times the resistance to the transmission of heat 
as does scale. Stromeyer also points out that even a film 
of grease of an inch thick may cause overheating, 
and suggests that tough bubbles are formed by it on the 
plates containing superheated steam which obstructs the 
.transmission of the heat. Cases of grease deposit causing 
explosions are 757, 1332 and 1994. 

If, therefore, there is oil in the feed water ( e.g ., by the 
mixture of exhaust steam) it must be most thoroughly 
filtered before it goes into the boiler. The grease is con- 
tained in very small particles, and unless they are collected 
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together by chemical or electric treatment they pass 
through the filters. The better way of avoiding grease in 
the boiler is to keep the exhaust steam separate from the 
feed water. 

In his annual report for 1896, Mr. Michael Longridge 
(Chief Engineer, The Engine, Boiler and Electrical Insur- 
ance Co.) makes the following recommendations to prevent 
overheating through grease deposit. 

44 A Ton-condensing Engines. — Prevent the steam from non-con- 
densing engine, when used for heating the feed water, mixing with 
the latter unless the quantity of oil used in the cylinder be small, 
the water pure and the boiler pressure low. Even then it is safer 
to pass the steam and water through tubes or to keep the two 
separate in some other manner. 

44 Surface-condensing Engines . — Reduce the quantity of oil used 
in the cylinder of surface condensing engines as much as possible, 
and pass the water from the hot well through sawdust or some 
other grease-absorbing medium before allowing it to return to the 
boiler. If there be much carbonate of lime or magnesia in the 
feed water, then either the water used for filling the boilers and 
making up the waste should be purified or distilled, or the dis- 
charge from the hotwell should be run to waste and every particle 
of grease excluded from the boiler. In such cases the water surface 
should be scummed frequently during the day, and the boiler should 
be laid off for cleaning at short intervals. When the pressure is 
high these precautions are doubly necessary ; indeed it may be 
doubted \ whether such loaters should be used at all icithont previous 
'purification or filtration 

It is clear that in water -tube boilers, where cleaning is 
so difficult, such water should always, be purified before use. 

Overheating may also he contributed to or caused by 
hard firing. — In the case of a water-tube boiler hardfiring 
may drive out the water in a lower tube where circulation 
is retarded by clogging with deposit. In case 1840 the 
engineer-in- chief said that: 

44 The consumption of coal per square foot of grate (30 lbs. per 
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hour) was, in my opinion, altogether excessive for a perfectly 
clean boiler, and fully accounts for the trouble experienced with 
tubes. It should also be remembered, in dealing with boilers of 
this type, that an amount of deposit, local or otherwise, in the 
tubes which would be comparatively harmless at ordinary rates of 
evaporation, becomes a grave source of danger when the boilers 
are unduly forced, as they appear to have been in this case ; and 
such high rates of coal consumption should, I think, be dis- 
continued if the boilers are to be worked in safety." 

In a later case (1475) a vertical boiler was fired by the 
waste gases from a steel slab heating furnace, and the 
inspector found no evidence of shortness of water, and 
therefore considered that the explosion was brought about 
by the excessive heat in tho furnace at the time, which 
caused priming and thus led to the plate being overheated. 

An earlier and similar case is reported (229), and over- 
heating caused by the injudicious use of the blower in a 
locomotive (548) also resulted in explosion. 

Oven tubes are in danger of becoming overheated by 
hardfiring. The concentration of the draught in one place 
(1705), or the non-repair of the brickwork so that a longer 
length of tube is exposed to the fire than intendod (1706), 
(2040), may be immediate causes of overheating. By 
repeated overheating the metal of such tubes may become 
fatigued (1866). Welded tubes for such a purpose have 
been condemned as they become ■ subject to very high 
pressure, and welds may provo defective (1585, 2073). 

Constant repair of brickwork and a well distributed fire 
seem to be the chief requirements for the safe working of 
similar ovens. 

■Effects of repeated overheating . — Where a boiler is 
overheated in any of the abovo ways, but without 
disaster, it ought to be tested by hydraulic pressure 
before use. Overheating not only makes the plates 
brittle (1524), but it produces or aggravates flaws in 
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the material of the boiler. Though the overheating be 
only very slight it reduces the tenacity of the metal (1276), 
and in many other cases there have been strong indications 
of a continued series of overheatings, none of which were in 
themselves sufficient to cause disaster, but the accumulat- 
ing effects of which eventually destroyed the tenacity and 
strength of the boiler. 

E. Waterhammer and Other Causes of Explosion in 
Steam Pipes. 

Explosions of steam pipes are explosions of boilers 
defined by the Boiler Explosions Act, 18S2 (Reg. v. 
Commissioners of Boiler Explosions, ante, p. 2). 

Such mishaps are very frequent and have been the sub- 
ject of several formal investigations. 

The chief cause of explosions in steam pipes is water- 
hammer 9 but other causes which lead to disaster are: defec- 
tive brazing of copper pipes; no allowance for expansion 
or vibration, defective expansion joints, and improper 
supports. 

These are treated, with report references, in the follow- 
ing pages : — 

1. Waterhammer. — That there still remains some mys- 
tery about this phenomena is testified to by the Commis- 
sioners in the report of the last formal investigation where 
waterhammer was found to be the cause of explosion 
(1761), They said: — 

“ The causes of and results produced (by waterhammer) are not 
all known to engineers, and explosions do occur which are 
undoubtedly due to waterhammer under circumstances which are 
novel and which are such as would not under ordinary circum- 
stances in the first instance have caused the engineer to come to 
the conclusion that explosion results therefrom.” 

Since the publication of the above report Mr. Stromeyer 
has issued a report to the Steam Users Association, 1910, 
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dealing exhaustively with all the known causes of water- 
hammer. In it he has considered every report of the Board 
of Trade from 1882, and has given illustrations showing 
how the effect has been produced in each case. In order to 
thoroughly appreciate the dangers of waterhammer and 
understand how they may arise, readers are referred to that 
report. The following notes will, however, explain the 
chief causes and suggest means for its avoidance. 

Waterhammer action is, as the name suggests, the 
hammer of a body of water against the pipe. This knock 
may stress the metal beyond its strength and cause it to 
explode. Whatever other factor is necessary to cause 
waterhammer there must therefore be water present in the 
pipe at the time of the explosion. There must also be 
movement of the water. 

The movement of the water is always due to condensation 
of steam which, creating a partial vacuum, causes the 
water to surge up and hammer the pipe. Condensation of 
steam will always take place if a comparatively cold surface 
of the water is exposed to it. 

In the report above referred to Mr. Stromeyer divides 
the cases of waterhammer reported by the Board of Trade 
from 1882 to 1909 into ten classes, which, with his per- 
mission, are stated below. 

Class A. Explosions of pipes due to draining . — This 
class embraces those explosions of steam pipes which have 
been caused by accumulation of water in a low-lying steam 
pipe, which water was then partly drained off, whereby a 
long surface of relatively cold water was exposed to the 
steam in the upper portion of the pipe. This water surface 
would condense large quantities of steam which, rushing 
through a constructed channel, would raise up waves and 
thereby isolate the further away portions of steam; this 
steam would condense and leave a vacuum into which the 
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raised wave would shoot with great velocity and deliver a 
waterhammer blow. (Mr. Stromeyer attributes six cases 
to this cause, of which 1787 is the latest case.) 

Class B. Explosions of pipe-ends due to draining the 
pipes. — In this class the cause of explosion is similar to that 
given in Class A, except that, as the pipe was strong’ enough 
to resist the waterhammer blow where it occurred, the 
pressure wave travelled along in the water in the pipe and 
produced a fracture where it was doubled by reflection at 
the end of the pipe. (Mr. Stromeyer attributes forty-seven 
cases to this cause, of which 1472, 1619, 1685, 1761, were 
formally investigated.) 

Class C . Explosions due to admission of steam to pipes 
containing water . — This class embraces all those cases in 
which waterhammer action was produced by admitting 
steam into pipes containing water. The water-level is low, 
and as soon as steam is admitted and condensation takes 
place the rush of steam sweeps up a wave which is pro- 
pelled towards the vacuum side. (Mr. Stromeyer attributes 
eighteen cases to this cause, of which 1109 and 1582 were 
formally investigated.) 

Class D. Explosions due to introducing water or con- 
densing in steam pipes . — This class embraces all those cases 
in which, as far as judged, the waterhammer conditions 
were brought about not by introducing steam into a pipe 
which contained water, but by introducing water into a 
pipe which contained steam, or by condensing steam. (Mr. 
Stromeyer attributes four cases to this cause (1283, 
1486, 1557, 1653).) Report 2011 appears to refer to 
a case of this class since Mr. Stromeyer issued his report. 
In this case the cold water let into the pipes of the econo- 
miser containing steam caused waterhammer, which might 
have been prevented by the use of a non-return valve. 

Class E. Explosions due to introducing steam under a 
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column of water . — (Mr. Stromeyer attributes three cases to 
this cause (1059, 1334, 1417).) 

Class F. Explosions due to steam and ivater on two 
sides of a valve . — This class embraces all those cases in 
which the accident was caused by opening a valve when 
there was steam pressure on both sides of it and water on 
at least one side, as may happen when there is steam in 
the main, and steam is being raised in a boiler which has 
been out of use. Under such circumstances it is customary 
to wait till the two gauges show equal pressures, though 
gauges are never quite reliable, and then the connecting 
valve is opened deliberately. Sometimes the valve of the 
boiler in which steam is being raised is merely eased while 
the under pressure is still low, and it lifts of its own accord 
when the pressure equals or exceeds the pressure in the 
steam main. If water is resting on the opening valve* a 
waterhammer results, apparently without cause, which 
bursts the valve. All these cases are very nearly related to 
Class E. (Mr. Stromeyer attributes eight cases to this 
cause, of which 1751 was formally investigated.) 

Class G. Explosions due to moving plugs of water . 
—This class embraces those cases in which plugs of water 
which seem to have been travelling along pipes were 
suddenly arrested. In case 1617 the propulsion was 
clearly due to a vacuum on one side, whereas in some other 
cases there may have been steam or air in front of the 
advancing water which would escape easily through a rela- 
tively small opening, whereas the water would be checked. 
The sudden reduction of velocity when the water reached 
the orifice would result in a high pressure which would 
cause the pipe or valve to burst. (Mr. Stromeyer attributes 
eight cases to this cause, of which 1076 and 1617 were 
formally investigated.) 

Class H. Explosions due to damming up water . — This 
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class' embraces those cases in which it has been surmised 
that the flow of steam in a long and often complicated 
main has dammed up water in unused portions of the pipe* 
and that a fluctuation of the velocity of steam brought about 
changes which created conditions favourable for raising 
waves and producing a waterhammer. (Mr. Stromeyer 
attributes six cases to this cause* of which 1646 is the 
latest case.) 

Class L — Explosions which have not been fully reported; 
and 

Class J . — Explosions which are probably not due to 
waterhammer* i.e., Mr. Stromeyer differs from the Board 
of Trade engineer as to the cause of explosion. 

The fracture of a pipe due to waterhammer does not 
necessarily take place near the point at which the water 
is first set in motion. The water in the pipe set in motion 
as described may travel long distances in waves or in a 
plug before causing disaster* and the usual point of fracture 
is either a dead flange* a junction or a valve. 

Prevention of Waterhammer. — The following is a sum- 
mary of Mr. Stromeyer ’s deductions from an examination 
of the Board of Trade reports: 

(а) A single boiler . — If the junction- valve is at the 

highest point of the steam pipe range without any 
possibility of water lodging in the pipe from the 
» ■ junction to the engine there will be absolute safety 
from waterhammer. 

(б) Tioo or more boilers . — There is more danger, because 

of the possibility of damming up water in a junction. 

(c) If the steam pipe rises after leaving the junction- 
valve; if the steam pipe falls and then continues 
horizontal or slightly inclined towards the engine 
or if any portion of the pipe bends upwards; then 
water can accumulate in the pipe and cause water- 
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hammer. In order to prevent this all pockets 
should be provided with water-catches having 
gauge glasses and automatic drains. 

(d) Drain cocks are dangerous — if kept partly open they 
are likely to choke (1915), and if used occasionally 
may create waterhammer. 

Mr. Stromeyer concludes: 


“ lb is certainly wrong to assume, as is generally done, that 
there is safety either in a horizontal or in slanting pipes.” 

In report 1673 the engineer-surveyor-in-chief said: — 


“ The only safe way to clear pipes charged with water is to first 
shut down the boiler stop valve and drain the water away 
gradually at first ; the boiler valves being only opened to admit 
sufficient steam to blow out the water slowly and heat up the 
pipes, after which they may be fully opened without fear.” 


Automatic steam drains themselves get out of order and 
require periodic overhauling to see that they are not choked 
or stopped up in any way (1673), (1935). 

The lagging of steam pipes reduces condensation and 
therefore mitigates danger of waterhammer (1476), and 
the sudden opening of any steam valve is extremely dan- 
gerous (1617), (1830). 


With the exception of fourteen out of the twenty-one 
cases of waterhammer in pipes all the explosions that took 
place were in east-iron pipes or valves. Only two cases of 
waterhammer are. reported in steel pipes (1360, 1557). 
Ten cases are reported of failure to copper pipes (340, 468 
512, 572, 580, 933, 986, 1056, 1515, 1582). 

Other causes of explosion of steam pipes and valves are: 

\ T7„*T A* _ . 


(i.) Vibration. 

(ii.) Expansion. 

(iii.) Lack of Support of 
Steam Pipes. 


(iv.) Bad Steam Pipe Joint, 
(v.) Lack of Ductility in 
Steam Pipes. 

(vi.) Defective Brazing of 
Copper Pipes. 



STEAM PIPES 


79 


(i.) Vibration. — Many cases are reported in which pipes 
have failed through too great rigidity. 

Steam piping of ships is especially liable to fracture on 
account of vibration of the machinery owing to the racing 
of the engines in heavy weather (1954), or to the move- 
ment of the machinery due to the engine seat working 
loose (1898), (2088), or due to not being properly secured 
to the hull (1268). 

The hull of a ship is itself strained in bad weather and 
causes the machinery (boiler, engine, &c.) to move rela- 
tively to the pipes. This may cause explosion if the pipes 
are too rigid (1709). To prevent explosion from vibration 
the hangers for supporting the pipes may be fitted with 
springs to give some freedom of movement. 

(ii.) Expansion. — Provision must be made for the ex- 
pansion of pipes. This is usually provided for by expansion 
j oints or corrugations and the amount of provision depends 
upon the length of pipe and range of temperature. An 
expansion joint may become set fast by deposit if not care- 
fully examined from time to time (1404). 

Blow-off pipes held rigidly in the brickwork, or earth 
and ashes, are unable, to accommodate themselves to the 
movement of a boiler due to expansion and contraction 
(1615, 1996). 

(iii.) Lack of Support of Steam Pipes. — This is a fre- 
quent cause of fracture of the flanges of a steam pipe and 
one which can clearly be, easily avoided. The pipe 
Between supports acts as a beam with a bending stress 
which is localised upon the largest diameter, i.e. 3 the flange 
of the joint (2045). 

A pipe must be securely anchored at the expansion joint 
if this be at a bend, else the expansion of- the pipe will move 
±he bend out of place (1855). Also all expansion joints 
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must have a fixed collar and guard belts, or else the spigot 
will be blown out (1331), (1702), (2117). The removal of 
a hanger supporting the steam pipe while under steam 
caused explosion (1671). 

(iv.) Bad Steam Pipe Joint. — Undue stresses are set up 
in the metal of the flange of a pipe by tightening up the 
bolts if the ring of jointing material is wholly within the 
bolt circle, and many failures have been reported from this 
cause (1840), (1943). The overstraining of the metal of 
bolts in tightening up is a very common cause of failure 
(1843). [See also p. 84.] 

(v.) Lack of Ductility in Steam Pipes. — It is clearly most 
important that steam pipes, subject as they are to a “ live 
load ” and vibration and possible shock from waterhammer, 
should be constructed of a material which is both ductile 
and tenacious. 

Cast-iron has often been characterised as very unsuit- 
able for steam piping or valves. The B. T. Rule 121 re- 
quires that if surveyors find that cast-iron is employed in 
such a manner as to be subjected to the pressure of steam 
or water they should report the circumstances to the Board 
of Trade. Cast-iron is a comparatively brittle, material, 
and by continuous vibration it may become by fatigue so 
brittle as to be unable to withstand any variation in 
stresses (1635). 

Cast-iron is also very liable to incipient flaw (1973). 
In the moulding of the pipe or valve there is danger of 
unevenness in thickness around the pipe (1798), (2005). 

Hydraulic pressure may not detect such flaws or brittle- 
ness because it is applied gradually, and in that case the 
danger is only appreciated when damage is done under 
steam. Drilling the pipes and hammering to obtain a 
“ ring” are no doubt suitable tests to make on a casting 
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subject to steam pressure in order to detect unevenness in 
thickness and flaws or brittleness respectively. 

Mild steel is more ductile than cast-iron and not so liable 
to flaws or fatigue, and this metal or copper ought to be 
rapidly substituted for cast-iron. 

Copper pipes are ductile if kept from damage by over- 
heating. Copper will, however, deteriorate by a compara- 
tively low heat. It was stated that copper loses 25 per 
cent, of strength at a temperature of 500°, and is 
wholly unsuitable on this account for conveying super- 
heated steam (1522). Cast-iron has also been condemned 
for super-heaters (1350). The use of steel ought to be dis- 
couraged for the heating surfaces of super -heaters (B.T. 
Rule 105) ; such pipes ought to be, of wrought iron. 

Diminution op Strength op Copper at Different 
Temperatures. 


Experiments by the Franklin Institute. 


Temperature 

F. 

Tenacity in tons 
per square inch. 

Temperature 

F. 

Tenacity in tons 
per square inch. 

122 

14*73 

801 

8*48 

302 

13*84 

1016 

4*95 

545 

11*16 

2032 

0*0 


During the process of brazing, copper is in danger of 
losing its ductility owing to the extraction of oxygen, and 
many cases of explosion are attributed to this cause 
(1968). In case 1839 it was pointed out that the use of 
the dioxydising blue flame of a blow-pipe for repairing a 
copper pipe makes it brittle. Report 1969 refers to a case 
of explosion of the brazed seam of a copper pipe. A special 

B.E. 


G 
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report was made upon this case by, Professor Henry Louis, 
of Armstrong College, Newcastle-on- Tyne, and will be 
found appended to the, Board of Trade report. He says 

“ Two points deserve special attention — (1) The braze was 
unusually thick, having the thickness of £ inch in places. (2) The 
braze was so placed as to form the lowest portion of the steam 
pipe ; any water condensed in the pipe would therefore lie upon 
the braze, and such water might contain in solution small 
quantities of salt, mainly chloride organic acids, &c., and would be 
at a high temperature, and under considerable pressure it would 
have considerable solvent power and would be capable of corroding 
the brazing material.” 

He adds the following suggestions for future precautions 
in brazing pipes : — 

(1) The spelter for brazing should be quite free from lead. 

(2) During the brazing a reducing atmosphere should be 
avoided. 

(3) The brazed pipes should be cooled as rapidly as possible. 

(4) The braze should be kept as thin as possible. 

(5) The braze should form the topmost portion of the steam 
pipe when the latter is in position. 

He further adds, : — 

“ It need hardly be added that all risk of tlxis nature would be 
avoided by the use of solid drawn instead of brazed steam pipes, so 
that there would appear to be no good reason why the latter should 
ever be employed.” 

The subject of brazed piping came before three Commis- 
sioners in case 1033, and after an exhaustive inquiry the 
following opinion was given : — 

“Our own opinion is that in view of the high steam pressure 
now in use, which will probably still further increase in the near 
future, lap welded wrought iron pipes or seamless steel pipes as 
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now manufactured are distinctly preferable either to brazed or 
seamless copper pipes. We are not aware of any method by which 
defects in the brazing of copper, or defects due to the overheating 
of the same, can be readily detected. We are of the opinion that 
brazed copper steam pipes 3J inches in internal diameter and over 
should be examined periodically with their lagging removed and 
tested by hydraulic pressure, and that they should be subjected to 
this examination and test at intervals not exceeding about four years. 
The test pressure should be such as would subject the material of 
the pipe to a stress of tons per square inch on the sectional 
area of the material, provided that the thickness of the pipe is not 
less than that given by the Board of Trade rule for copper steam 
pipes as stated in the 18 D 6 copy of Instructions to Surveyors. 

“ We are of opinion that the risk of explosion of copper steam 
pipes would be materially reduced by hooping them with wrought 
iron or steel bands, or by serving them with wire as has been 
adopted in some cases* 

“In conclusion, having regard to the numerous failures of 
copper steam pipes, and to the reports of casualties resulting 
therefrom which have been brought to our notice by the Board of 
Trade, we desire to say that the owners or users should be urged to 
carry out reasonably frequent examination and testing of existing 
copper steam pipes exposed to high steam pressure ; and that in 
the case of new work they should be recommended to adopt lap- 
welded wrought iron or seamless steel pipes, properly arranged 
with carefully designed expansion joints and with means to 
prevent such joints from blowing out.” 

Copper pipes of material formed by, the electro-depositing 
process lack ductility, and have frequently been condemned 
(1811). In report 1770 it was stated that copper pipe 
material ought to he tested for ductility to an elongation 
of 40 per cent, before fracture and a tensile stress of 
13| tons to the square inch. 

Bronze lacks ductility and a flexible pipe of this material 
became fatigued by the pulsations caused by the inter- 
mittent withdrawal of steam from a pipe by a pumping 
engine , causing a crack to be developed and the ensuing 
explosion (1648). 

G 2 
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F. Bad Joints and Miscellaneous Causes. 

Manhole or Sludge Boor Joints. — A common cause of 
disaster in the working of a boiler is the blowing out of 
some joint due to ill-fitting covers or badly made joints. 
The manhole covers and sludge doors of a boiler require 
careful fitting and careful jointing. A loose fitting cover is 
a very grave danger. The door or cover, fitting loosely, 
may not be fixed centrally so that the jointing on one side, 
having too little support, is blown out (1885). It should 
therefore always fit perfectly, and J or f inch clearance is 
dangerous (1728), (1769). 

The form and the material of the packing is a subject of 
considerable importance. The joint ought to be of a flat 
section, as a round joint is more apt to be blown out (447). 
It must also be even all round, else the screwing up of the 
bolts will create an uneven pressure and cause severe 
stresses in the flange (1212). And although the joint must 
be thick enough to make up for the unevenness between the 
surfaces of the flange and the manhole door (1664), they 
must not be so thick as to present a considerable surface to 
the steam pressure. The jointing material ought to cover 
the whole of the flange, both inside and outside the bolt 
circle, as the making of a joint inside the bolt circle alone 
may cause undue stress in the flange and result in fracture 
(1942). 

In report 1664 the Comfmissioners pointed out the danger 
of getting an uneven bearing on the flange, and recom- 
mended that manhole and sludgehole doors should be fixed 
in place and examined both fromrinside and outside the 
boiler before the packing was used and also before rejoint- 
ing in order to see the thickness of jointing required. 

With regard to the material of the joint, the question 
as to whether rubber is a suitable material came before 
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the Commissioners this year (2071). They said that 
they concurred in the views of the Commissioners who 
made report 790, relating 1 to the failure of an indiarubber 
ring, who said they were not prepared to say that india- 
rubber was an unsuitable material for joints, and added 

“ We have ascertained that it is used almost exclusively for this 
purpose in this district (Stoke-on-Trent), as it is in many other 
places without ih-effect. At the same time, we are of the opinion 
that the use of a substance of less perishable nature would make a 
joint more secure, and we should prefer to see its use adopted.” 

The use of spun yarn is not altogether satisfactory as it 
is apt to be uneven (356), and canvas rolled up with some 
adhesive substance proved to be a bad joint in case 2104. 

If, as is usual, the door is on the inside of the boiler, the 
pressure in the boiler will reduce the thickness of the joint 
and necessitate the tightening up of the bolts as the 
pressure rises. Failure to tighten up caused disaster 
(2100), but on the other hand excessive tightening com- 
bined with an uneven joint is also dangerous (1794). 

Many accidents have been caused by the loosening of 
bolts of the manhole or mudhole while the steam pressure 
is still on the boiler (338). Accidents have also been caused 
by opening the manhole door when the boiler is cold. The 
steam is condensed in the boiler, thus causing a vacuum, 
and as soon as the door is loosened it is blown in by atmos- 
pheric pressure. Before loosening the holts of manholes 
it is desirable therefore to open the safety-valve and drain 
cock of the water-gauge to ensure equal pressure inside 
and out. 

Cast-iron is not a suitable material for manhole or sludge- 
hole doors (1794). 

Other causes of explosion are the following : — 

Ice and Ice Pressure. — The stoppage of circulation in 
heating apparatus by ice is a common cause of explosion 
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in a boiler (usually of G.I.) unprovided with a safety- 
valve (1226). The immediate cause of explosion was over- 
pressure due to lack of circulation, causing steam to be 
generated and pressure due to the expansion of water in 
a closed vessel. 

The expansion of ice causing pressure may lead to 
fracture. In case 252 water left in the shell of the 
firebox of a vertical boiler froze, and by expansion caused 
a crack in the shell. (Table of expansion of ice, p. 105.) 

das Pressure. — Economiser . — The gases from the flues 
passing from; the boiler through the chamber came into 
contact with an overheated economiser, which ignited the 
gases and wrecked it (1687). The force of such explosion 
could not have been very great, but the economiser was 
in a defective condition. 

The overheating of economisers may arise from (i.) neg- 
lecting to clean them; (ii.) shutting off feed supply and 
leaving dampers to the economiser chamber open. 

Goal Tar Still . — Several explosions due to ignition of gas 
have occurred owing to negligence by inserting a red hot 
rod (8), leaving a cock open (88), leaving a light in the 
cooler (71). 

Oil Still . — Report 1424 deals with an explosion due to 
pumping oil into a still which had become overheated while 
the still was open to the atmosphere, causing the oil to 
vapourise, ignite and explode, whilst excessive gas pressure 
from a similar cause resulted in explosion (1067), (2085). 

Hydrostatic Pressure. — In the case of a devulcaniser con- 
taining rubber, water and caustic soda, fitted with a steam 
jacket, it was found that the explosion was due to hydro- 
static pressure caused by filling the vessel too full (2068). 
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The expansion of water by rise of temperature is given in 
column 2 of the Table on p. 105. 

The Commissioners recommended a safety-valve to 
relieve hydrostatic pressure, or a {f fool-proof ” m'ethod of 
filling the vessel so that the height of the liquid could 
never rise above a fixed safe level. The case reported 
1862a (see p. 35) most probably was due to hydrostatic 
pressure. 

Multiple Explosion. — The force of the explosion of one 
boiler may cause the explosion of others either by the 
vibration set up or by the impact of pieces of the shell. 
Three such cases have been reported, one in which seven 
boilers exploded (1948), others in which three and eleven 
exploded respectively (116), (873). 

The shock of the explosion of a tube of an economiser 
also caused three other tubes and the top of the box to 
fracture (1856). 

Stopping Leaks under Pressure. — Caulking leaking seams 
under pressure is highly dangerous, and, though there is 
no reported case where this has actually been the cause 
ascribed for the explosion, Mr. Longridge gives, as his 
opinion, this cause for the explosion dealt with in 
report 574. 

Tightening up the bolts of economiser caps when under 
pressure has been the cause of several explosions (1371), 
(1692), (2036). In the last case the Commissioners called 
attention to the fact that where the cap is only secured 
by two bolts, if one of the bolts fail either owing to its 
own defect or to the overstraining when tightening the 
nuts, the cover must be blown off when the economiser is 
under pressure. They endorsed the view of the Engineer- 
Surveyor-in-Chief of the Board of Trade that there ought 
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to be conspicuous notices warning attendants not to tighten 
up the bolts of caps while the apparatus is under pressure. 
It was further stated that the firm' of economiser manu- 
facturers had decided (after June, 1910) to supply all 
economisers with four instead of two bolts. 



Section 4 


EVIDENCE OE CAUSES OF EXPLOSION 

The ascertainment of the cause of an explosion may be 
simple or complex. On the one hand the explosion itself 
may furnish direct proof of the cause, whilst on the other, 
it may be such as to give rise to various theories. 

To support any theory, evidence must be gathered either 
from experience of similar accidents or from the circum- 
stances of the particular case. The preceding section deals 
with Board of Trade experience, and in this section it is 
proposed to deal with the evidence which may be adduced 
from the circumstances of any explosion. Such evidence 
may be supplied or corroborated in four ways: 

(i.) From the history of the boiler. 

(ii.) From an account of the incidents immediately pre- 
ceding the explosion. 

(iii.) From examination of the fractured boiler after ex- 
plosion. 

(iv.) From tests of material, &c., after the explosion. 

(i.) Evidence from the History of the Boiler. — The most 
important facts in the history of a boiler are those re- 
ferring to the manufacture, management, repairs, inspec- 
tion and tests. 

Details of the manufacture sometimes reveal facts which 
account for a flaw or weakness in the material or joint of 
a boiler. 

The British standard specification for marine boilers 
calls for steel manufactured by the open-hearth process, - 
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and evidence of any other form of manufacture would raise 
a presumption of inferiority, though this might be rebutted 
by evidence of satisfactory tests. 

Evidence that the rivet holes have been punched, 
especially if punched before the plates were bent, would 
give rise to a possible cause of fracture near or through 
the line of rivet holes (265). (Also see B.T. Rule 98.) 

B.T. Rule 104 reads: 

ft All plates that have been punched, flanged or locally heated, 
also all stays or stay tubes which have been locally heated, should 
be carefully annealed after being* so treated/’ 

Evidence that these had not been annealed would be 
strong evidence of incipient brittleness. 

On one occasion the use of an hydraulic rivetter in the 
manufacture was found to be the cause of a crack develop- 
ing in the dished end of a waterdrum (1699), whilst details 
of the process of brazing have caused Commissioners to 
come to the conclusion that defects existed when the pipes 
left the manufacturer (1088). 

Improper acts or omissions in management of the boiler 
is strong evidence that the defect which caused explosion 
resulted after it came under that management. The acts 
of management which have caused explosion are contained 
throughout section 3 and require no further comment. 

The history of repairs is important. If in a compara- 
tively short life a boiler has required constant repair, it 
indicates one of two causes: either that the boiler was 
incipiently weak, or that the management of it was im- 
proper. Here again the question must be tested by experi- 
ence of what good and bad management is. If there has 
been no possible cause for repairs due to bad management 
it may be urged that weak construction caused repairs, and 
also the subsequent explosion. This view, however, would 
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require corroboration by tests of the material, as described 
hereafter. 

Inspection of the boiler by a competent engineer prior 
to the explosion is not conclusive evidence that no defect 
was present at the time of the inspection. Either the 
inspection may not have been carried out very thoroughly, 
or if thorough, may fail to detect defects. On the other 
hand, inspection which has discovered defects, which at 
the time of the explosion are still unrepaired, is a strong 
indication that the defects then existing caused the explo- 
sion, provided that the evidence of the results of the 
explosion corroborate it. 

Hydraulic tests prior to the explosion afford some evi- 
dence of the quality of material and construction, provided 
that the test has been carried out satisfactorily and has not 
been so severe as in itself to cause straining of the boiler. 
The danger of hydraulic tests is that if the pressure under 
it is very high the boiler may by it become overstrained 
and weakened. The Commissioners in report 1301 said : — 

“We have formed the opinion that the water test . . . should 
always be used with great care, and moreover by competent 
persons, and should never be used higher than twice the working 
pressure of the boiler, lest in attempting to discover a defect the 
boiler might he overstrained and weakened.” 

The evidence of hydraulic tests is, however, by no means 
conclusive that the boiler was without defect. In report 
1699 the Commissioners found that the test of 240 lbs. per 
square inch hydraulic dead load did not show incipient 
cracks, which increased and caused ultimate failure, when 
a live load of 160 lbs. per square inch steam pressure was 
applied. 

On p. 48 of Mr. Longridge’s report for 1910, an instance 
is given of a water-tube boiler withstanding an hydraulic 
test of 120 lbs. per square inch when the plates between 
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the pipes leading to the steam dome and the back end of 
the drum had wasted so that the thickness was no greater 
than from inch to that of brown paper. 

B. T. Rules 87 (last paragraph) and 115 deal with hy 
draulic tests. The limit of pressure is fixed at twice the 
working load, and no test is to be considered satisfactory 
unless the boiler has borne the test pressure for at least 
ten consecutive minutes. 

(ii.) Evidence from the incidents preceding Explosion. — 
A great deal of the evidence of the cause of explosion 
may usually be adduced from the incidents just before the 
explosion. Thus, for example, overpressure may be evi- 
denced by testimony that the pressure-g'auge registered 
d excessive pressure before the explosion, or that the safety- 
valves failed to act. Overheating due to hardfiring may 
be evidenced by testimony that the draught was very great, 
or that the boiler was priming violently (1475). Over- 
heating due to shortness of water may be evidenced by 
testimony that the w’ater-gauge was empty or stopped up, 
or that the check-valve, blow-off cock or seams of the 
boiler leaked, or that the feed pump was out of order. 
Weakness may be evidenced by testimony that there was 
leakage through the plates before explosion (1699). 
Waterhammer may be evidenced by testimony that the 
boiler was priming and that there was water in the pipes, 
and that, on opening the stop valve, a noise of knocking 
was heard. 

All this evidence is fairly direct, and other similarly 
straightforward evidence may be gathered from the in- 
cidents of the day, which is conclusive if borne out by 
subsequent examination. 

The amount of noise of the explosion also may be of 
importance. This depends upon the violence of the ex- 
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plosion ( i.e the amount of energy released by it). As 
will be seen from, the table on p. 94 a cubic foot of water 
has about twenty times the energy of a cubic foot of steam; 
therefore if the water in the boiler is very low, the noise 
of explosion will be comparatively small (583). 

(iii.) Evidence from the Examination of the Fractured Boiler. 
— This is often the most important and conflicting evidence 
of all. It may be divided under the following heads: 

(i.) The disposition of the fractured pieces. 

(ii.) The appearance of the fractures. 

(iii.) Other indications of cause of failure. 

The disposition of the fractured pieces is a good indica- 
tion of the violence of the explosion which depends (a) upon 
the pressure in the boiler, and (5) upon the quantity of 
water in the boiler. As stated above a cubic foot of 
water liberates about twenty times more energy than a 
cubic foot of steam. Therefore a filled boiler will explode 9 
with greater violence than one short of water. 

In case 1638 a piece of a boiler weighing two tons was 
blown 234 yards with a pressure in the boiler of only 
49 lbs. 

The table on p. 94 gives the energy in foot-tons liberated 
by .the fall of pressure of steam and water respectively to 
atmospheric pressure. 

The appearance of the fractured surfaces of the 
boiler often gives strong indications of the cause of 
fracture. 

Flaws in the material, however, are only visible shortly 
after fracture, because oxidation of the newly fractured 
surfaces reduces them to the same dulness as the flaw. If, 
however, the surfaces are examined soon after fracture, a 
flaw of appreciable dimensions can be detected by an 
appearance of dulness or corroded surface. 
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Pressure. 

Temperature. 

Energy liberated by fall of pressure to 
atmospheric pressure. 

By 1 cubic foot of 
water. 

By 1 cubic foot of 
steam. 

Lbs. per sq. in. 

Falir. 

Foot-tons. 

Foot-tons. 

25 

240° 

12 

0*8 

50 

281° 

71 

3*7 

75 

307° 

135 

7*1 

100 

327° 

193 

10*9 

150 

358° 

292 

18*2 

200 

381° 

391 

28*6 

250 

401° 

482 

83*5 

I 


Tlie above table is compiled from the table on p. 194 of the 
“ Practical Engineer ” Pocket book. 


The quality of material can also be estimated from the 
appearance of the fracture. 

The following statements in this respect are taken from 
Kirkcaldy's “ Experiments on "Wrought Iron and Steel/' 
p. 52:— 

“(1) Whenever wrought iron breaks suddenly a crystalline 
appearance is the invariable result ; when gradually, invariably a 
fibrous appearance. 

“(2) Whether, on the one hand, it is finely or coarsely crystal- 
line, or on the other, the fibre be fine and close, or coarse and open, 
depends upon the quality of the material . 

“ (3) When there is a combination of two kinds — the one 
harder or less ductile than the other — the appearance will be 
partly crystalline and partly fibrous ; the latter produced by the 
gradual drawing asunder action previous to and at the time of 
rupture ; whilst in the former the iron breaks suddenly, without 
elongating at the time of rupture. 

f£ (4) When the proportion of the harder is considerably less 
than the softer, the former snaps suddenly, whilst the latter 
continues stretching ; but when nearly equal, or the less ductile 
predominates, both portions break together or almost at the same 
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moment — the one part, gradually arriving at its limit of 
endurance, breaks with a fibrous appearance whilst a greatly 
increased strain consequently coming on the remaining portion, 
it suddenly gives way, producing a crystalline appearance.” 

“ (5) The relative qualities of various irons may he pretty 
accurately judged by comparing fractures, provided they have 
all been treated in precisely the same way and all broken under 
the same sort of strains similarly applied.” 

“ (6) By varying either the shape, the treatment, the kind of 
strain or its application, pieces cut off the same bar will be made 
to present vastly different appearances in some kinds of iron, 
whilst in other little or no difference will result.” 

Speaking of steel, on p. 62, Mr. Kirkcaldy found that: 

“ The conclusions respecting wrought iron are equally appro- 
priate to steel, viz., wherever rupture occurs slowly, a silky fibrous, 
and when suddenly, a granular appearance is invariably the result, 
both kinds varying in fineness according to quality. The surface 
in the latter case is even and always at right angles to the length, 
in the former angular and irregular in outline. The colour is a 
light pearl-grey slightly varying in shade with the quality ; the 
granular fracture almost entirely free from lustre, and conse- 
quently totally unlike the brilliant crystalline appearance of 
wrought iron.” 

Prom these statements, the following conclusions may 
be drawn: 

(i.) The fracture ought to be uniform whether it be 
crystalline or fibrous. 

(ii.) When fibrous the fibres ought to be close and fine. 

(iii.) When crystalline the crystals ought to be small 
and uniform. 

(iv.) If the section is not uniform it indicates that some 
of the fibres have been softer than others. 

An indication strongly in favour of the cause of' explosion 
being over-pressure and not weakness, is that the rivets or 
plates have been pulled out of shape before fracture. This 
shows that they had ductility before fracture, and did not 
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break until the pressure upon them became great. A brittle 
material caused by defective manufacture or improper 
treatment will snap off sharply on rupture. 

Other indications of cause of failure obtained by exami- 
nation are the following : — 

Corrosion. — This can be easily seen, and it is only a 
question of degree as to whether the corrosion has been 
sufficient to cause the explosion. 

Overheating. — Clear signs of overheating are those 
showing that the plates or tubes have been greatly distorted 
gradually under pressure. A furnace tube collapsing in- 
wards, or a water tube greatly increasing in diameter 
before fracture, is strong evidence. A discoloration of the 
metal due to being red-heated may also be expected. If 
the alloy of metal in the fusible plug has melted, although 
it has failed to be blown out by reason of the cavity being 
filled with scale, there is evidence of overheating. The 
marks of water-level below the crowns of the furnace also 
give evidence of shortness of water, whilst the examination 
of the connections of the water-gauge may show that the 
gauge has been choked up. 

Deposit causing overheating may be found on the tubes, 
although its absence is not conclusive against this theory 
of explosion, as the force of the explosion may blow it away 
(1842). On the other hand scale and soot at the ex&ct point 
of collapse would point to the plate not having been red-hot 
(1825). Over-heating from grease does not necessitate the 
finding of a great deal of grease on the plates of the boiler. 

It requires only a very slight film of grease (such as would 
“ dirty one’s clothes 5 5 ) to cause overheating, and the film 
of grease disappears altogether from the collapsed parts. 
(Stromeyer, “ Marine Boiler Management and Construc- 
tion,” p. 31.) 



EVIDENCE FROM TESTS OE MATERIAL 97 


Weakness. — Indications of grooving due to fatigue may 
also be found by seeing whether the plates show sign of 
wear in the parts which have fractured. 

Abnormal Steam Pressure —The examination of safety 
appliances may show that they are out of working order, 
which would result in abnormal steam pressure. Where 
a boiler is fitted with more than one safety-valve it would 
be necessary to show that both valves had been inoperative, 
and,. such view would be corroborated by finding that the 
pressure gauge had been put out of gear (1601). But it 
must be borne in mind that where a safety-valve is severed 
in the general break-up of the boiler, the obstruction to 
its working may be blown out. 

In cases of boilers fitted with reducing valves or relief 
pipes, indications that the one was inoperative or that the 
other was choked or shut, would be strong evidence in 
favour of abnormal steam pressure. Where there has been 
abnormal steam pressure causing one part of the boiler to 
give way, it is to be expected that the boiler gave way in 
its weakest part, and if there is any other seam or joint 
of the boiler which by calculation had only the same 
strength, there should be signs of straining or bulging or 
general deformation in that part. 

(iv.) Evidence from Tests of the Material. — Tests made 
after the explosion are most important where any 
question arises as to whether the boiler has deteriorated 
by use or whether the material of which it was originally 
constructed was defective. Test pieces are taken from the 
metal immediately near the fracture; from the metal away 
from the fracture, and also samples of rivets. These test 
pieces may then be subjected to certain mechanical tests. 

As tenacity and ductility are the two most important 
characteristics of boiler metal — the first to withstand 


B.E. 
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pressure, and the second to take up variations in pressure 
without fatigue — the tests to which the metal ought to be 
subjected are a tensile test to prove the breaking strength 
of the material and to ascertain its percentage elongation 
before fracture, and bending and hammering tests , to prove 
its ductility. The composition of the material may be 
proved by analysis. 

The comparison between the tests made upon the metal 
of the exploded boiler and the standard metal of good 
quality may indicate various causes of explosion. 

If the samples taken from near the fractured surface 
alone fall far short of the standard tests, the implication 
is (i.) that the metal in that part of the boiler has become 
fatigued by strain set up by improper management or over- 
heating ( e.g . 2003), or (ii.) that, in the case of a boiler 
plate, it was punched and not properlya*estored to its ductile 
condition by annealing. 

If the samples taken from other parts of the boiler also 
show bad results as compared with the standards, it may be 
urged that the material of the whole boiler was defectively 
manufactured. On the other hand, Mr. Stromeyer points 
out in his memorandum to the M.8.U.A., 1908, that mild 
steel possesses ageing 'properties, and gives various ex- 
amples of boiler plates which have become brittle by ago. 

If rivets alone show bad results the presumption would 
be either (i.) that they were made of inferior material, 
(ii.) that they had been initially strained by being riveted 
under too great a pressure, or (iii.) that they alone had 
become fatigued by straining due to expansion and contraction. 

Standard Tests of Boiler Material. — The following table 
compiled from various authorities (quoted) gives the break- 
ing strengths of materials and percentage elongation or 
contraction of cross-section of material of good quality : — 
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BOILER EXPLOSIONS AOT, 1882. 

45 46 Viet. c. 22. An Act to maize letter provision Jor 

Inquiries ivith regard to Boiler Explosions. [12th July, 1882.] 

Whereas special provision lias been made by law for making 
inquiry into the causes and circumstances of boiler explosions on 
board ships and on railways, and it is expedient that like provision 
be made for making inquiries with respect to boiler explosions in 
other cases : 

Be it therefore Enacted as follows : 

1. This Act may be cited as the Boiler Explosion Act, 1882. 

2. This Act shall extend to the whole of the United Kingdom. 

3. In this Act the term “ boiler ” means any closed vessel used for 
generating steam, or for heating water or for heating other liquids, 
or into which steam is admitted for heating, steaming, boiling, or 
other similar purposes. 

The term “ Court of Summary Jurisdiction ” means any justices 
of the peace, metropolitan police magistrate, stipendiary magistrate, 
sheriff, sheriff substitute, or other magistrate or officer, by what- 
ever name called, who is capable of exercising jurisdiction in 
summary proceedings for recovery of penalties. 

4. — This Act shall not apply to any boiler used exclusively for 
domestic purposes ; or to any boiler used in the service of Her 
Majesty, or to any boiler on board a steamship having a certificate 
from the Board of Trade, or to any boiler explosion into which an 
inquiry may be held under the provisions of the Coal Mines "Regula- 
tions Act, 1872, and the Metalliferous Mines Regulation Act, 1872, 
or either of them. 

5. — (1.) On the occurrence of an explosion from any boiler to 
which this Act applies, notice thereof shall, within twenty-four 
hours thereafter be sent to the Board of Trade by the owner or 
user, or by the person acting on behalf of the owner or user. 

(2.) The notice shall state the precise locality as well as the 

h 2 
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clay and hour of tlie explosion, the number of persons injured or 
killed in addition to the purposes for which the boiler was used, 
and, generally, the part of the boiler that failed and the extent of . 
the failure, and such other particulars, if any, as the Board of 
Trade by notice inserted in the London Gazette may require, and 
shall, be in the form printed in the schedule to this Act, or in 
such other form as the Board of Trade may from time to time 
approve for the purpose. 

(8.) If default is made in complying with the requirements of 
this section, the person in default shall, on summary conviction, be 
liable to a fine not exceeding twenty pounds. 

(b — (1.) On receiving notice of a boiler explosion the Board of 
Trade may, if it thinks fit, appoint one or more competent and 
independent engineer or engineers, practically conversant with the 
manufacture and working of boilers, to make a preliminary inquiry 
with respect to the explosion, and the persons so appointed shall 
have the powers conferred on the court by sub-section (4) of this 
section. If it appears to the Board of Trade either upon or 
without such preliminary inquiry, that a formal investigation of 
the causes and circumstances attending the explosion is expedient, 
the Board of Trade may direct a formal investigation to be held ; 
and with respect to such investigation the following provisions 
shall have effect. 

(2.) Formal investigations of boiler explosions shall be made at 
or near the place of such explosion by a court consisting of not 
less than two commissioners appointed by the Board of Trade, of 
whom one at least shall he a competent and practical engineer, 
specially conversant with the manufacture and working of steam 
boilers, and one a competent lawyer. The court shall be presided 
over by one of the commissioners, the selection being made by the 
Board of Trade. 

(8.) Any such formal investigation shall be held in open court, 
in such manner, and under such conditions, as the commissioners 
may think most effectual for ascertaining the causes and circum- 
stances of the explosion, and for enabling them to make the report 
hereinafter mentioned in this section. # . 

(4.) The court shall have, for the purpose of its investigations, 
all the power of a court of summary jurisdiction when acting as 
a court in the exercise of its ordinary jurisdiction and shall in 
addition have the following powers, viz. ; 
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(a) The court, or any one appointed by it, may enter and inspect 

any place or building the entry or inspection -whereof 
appears to the court requisite for the said purpose* 

( b ) It may by summons under its hand require the attendance 

of all such persons as it thinks fit to call before it, and 
examine for the said purpose, and may for such purpose 
require answers or returns to such inquiries as it thinks fit 
to make. 

(r) It may require and enforce the production of all books, 
papers, and documents which it considers important for 
the said purpose. 

{d) It may administer an oath and require any person examined 
to make and sign a declaration of the truth of the state- 
ments made by him in his examination. 

(i e ) Every person so summoned, not being the owner or the user 
of the boiler or in the service or employment of the 
owner or user, or in any way connected with the working 
or management of the boiler, shall be allowed by the 
Board of Trade such expenses as would be allowed to a 
witness attending on subpoena before a court of record, 
and in Scotland to a witness attending any criminal trial 
by jury in the slierifF court : and in case of dispute as to 
the amount to be allowed, the same shall be referred by 
the court to a master of the superior courts, and in 
Scotland to the auditor of the Court of the Session, who 
on request under the hands of the members of the court, 
shall ascertain and certify the proper amount of such 
expenses. 

(5.) The court making a formal investigation with respect to any 
boiler explosion shall present a full and clear report to the Board 
of Trade, stating the cause of the exposion and all the circum- 
stances attending the same, with the evidence, adding thereto any 
observations thereon, or on the evidence, or any matters arising 
out of the investigation which they think right to make, and the 
Board of Trade shall cause every such report to he made public 
in such a manner as it thinks fit. When no formal investigation 
is held, the report presented to the Board of Trade by the 
engineer making a preliminary inquiry with respect to a boiler 
explosion shall be made public in such manner as the Board of 
Trade thinks fit. 
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7. The court may order the costs and expenses of a preliminary 
inquiry or formal investigation or any part thereof, including 
therein the remuneration of persons holding such inquiry or 
investigation, to he paid by any person summoned before it, or 
by the Board of Trade, and such order shall, on the application 
of any party entitled to the benefit of the same, be enforced by 
any court of summary jurisdiction as if such costs and expenses 
were a penalty imposed by such court. The Board of Trade may, 
if they think fit, pay to the person holding any inquiry or 
investigation under this Act such remuneration as they may, 
with the consent of the Treasury appoint. 

If and so far as not otherwise provided for, all costs and 
expenses incurred by the Board of Trade, including any remunera- 
tion paid under this section, and any costs and expenses ordered 
by the court to bo paid by the Board of Trade, shall be paid out 
of monies to be provided by Parliament. 

8. Any fine payable under this Act shall be recovered in England 
in the manner provided by the Summary Jurisdiction Acts, in 
Scotland in the manner provided by the Summary Jurisdiction 
Acts, 18(14 and 1881, and of any Act or Acts amending the same, 
and in Ireland within the police district of Dublin metropolis in 
accordance with the provisions of the Act regulating the powers 
and duties of justices of the peace for such district, or of the 
police of such district elsewhere in Ireland in accordance with, the 
provisions of the Petty Sessions (Ireland) Act, 1851 (14 & 15 Yict. 
c. 03) and any Act amending or affecting the same. 

Schedule. 

Report of explosion of a steam boiler to be sent to the Board 
of Trade within twenty-four hours after the occurrence of an 
explosion. 

1. Name of premises or works on which the boiler had exploded. 

2. Address by the post. 

3. Day and hour of explosion. 

4. Number of persons killed. 

5. Number of persons injured. 

G. General description of the boiler. 

7. Purpose for which the boiler was used. 

8. Part of the boiler which failed, and the extent of failure 

generally. 
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9 . 

10 . 


Pressure at which the boiler was worked. 

Name and address of any society or association by whom the 
boiler was last inspected or insured. 


Signature of the person responsible for the accuracy of the 
particulars contained in this form. 


Address : 


Bate : 


BOILER, EXPLOSIONS ACT, 1890. 


53 & 54 VicL c. 35. 
Act , 1882. 


An Act to amend the Boiler Explosions 
[4th August, 1890.] 


Be it Enacted as follows : 

1. This Act may be cited as the Boiler Explosions Act, 1890, 
and this Act, and the Boiler Explosions Act, 1882, may be cited 
together as the Boiler Explosions Acts, 1882 and 1890. 

2. So much of section four of the Boiler Explosions Act, 1882, 
as relates to any boiler other than a boiler used in the service of 
Her Majesty, or used exclusively for domestic purposes, is hereby 
repealed, and the said Act shall apply in the case of any boiler 
explosion occurring on board a British ship. 

3. In the case of an explosion occurring at sea, the notice 
required by section five of the Boiler Explosions Act, 1882, shall 
be sent by the owner or master of the ship and shall be sent 
within twenty-four hours after the occurrence of the explosion, or 
as soon thereafter as possible ; but this provision shall not apply 
where a report of the explosion has been duly sent in pursuance 
of section three hundred and twenty-six of the Merchant Shipping 
Act, 1854. 

4. Every person who refuses to attend as a witness after having 
been required so to do in the manner specified in section six of the 
Boiler Explosions Act, 1882, and after having had a tender made 
to him of the expenses therein mentioned, or who refuses or neglects 
to make any answer or to give any return, or to produce any 
documents in his possession, or to make or subscribe any declara- 
tions required under the powers of the said Act, shall for each such 
offence be liable to a fine of not exceeding ten pounds, recoverable 
as therein provided 
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Table op Saturated Steam Pressures with Corresponding- 
Temperatures (Falir. and Cent,).* 


Pressure 
Absolute. 
Pounds per 
square inch. 

Temperature. 

Pressure 
Absolute. 
Pounds per 
square inch. 

Temperature. 

Eahr. 

Cent. 

Ruhr. 

Gent. 

14*7 

212 

100 

170 

3G8 

187 

20 

228 

109 

180 

373 

190 

30 

250 

121 

190 

377 

192 

40 

207 

131 

200 

<582 

194 

50 

281 

137 

210 

380 

197 

GO 

292 

144 

220 

390 

199 

70 

303 

151 

230 

394 

201 

80 

312 

150 

2*10 

397 

203 

90 

320 

3 GO 

250 | 

401 

205 

100 

328 

104 

2 GO 

404 

207 

110 

334 

1G8 

270 

408 

210 

120 

341 

172 

280 

411 

210 

130 

347 

175 

290 

414 

212 

140 

353 

179 

300 

417 

214 

150 

358 

181 

350 

430 

221 

1G0 

363 

184 

400 

445 

230 


* This Table lias been compiled from the tables given in the “Steam 
Engine and Gas and Oil Engines,” by Prof. John Perry, 1<\R.S. (Macmillan), 
and has been inserted by permission. 
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Increase in Volume of "Water and Ice from Water at 4° C. 


Ice. 

Water. 

Temperature 
below zero C. 

CD 

Percentage increase 
in volume from 
volume of greatest 
density, viz. : 4° C. 

Temperature 
above zero C. 

(2) 

Percentage increase 
in volume from 
volume of greatest 
density, viz. : 4° 0. 

0 

0*06 

4 

0 

— 5 

0*14 

20 

0*17 

—10 

0*22 

30 

0*42 

— 15 

0*30 

40 

0*77 

• — 20 

0*38 

50 

1*20 

—25 

0*46 

60 

1*69 

—BO 

0*54 

70 

2*26 



80 

2-89 



90 

3*57 

(1) Professor Plueker, EncyL 

100 

4* 3 

Brit., Section “ Ice. 55 





110 

5* 1 

(2) This table is extracted, 

120 

6* 0 

with permission, from the 

1 o/\ 


“ Steam Engine and Gas 

loO 

7* 0 

and Oil Engine, 15 by Prof. 

140 

8* 1 

John Perry, E.E.S. (Mac- 



millan). 


150 

9* 2 



160 

10* 3 



170 

11* G 



180 

12* 9 



190 

14* 3 



200 

15* 7 



210 

17* 2 
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BOARD OR TRADE RULES, 87 and 124.* 

Cylindrical Boilers. — 87. The Board of Trade consider that 
boilers well constructed, well designed, and made of good material 
should be allowed an advantage in the matter of working pressure 
over boilers inferior in any of the above respects, as unless this is 
done the superior boiler is placed at a disadvantage, and good 
workmanship and material will be discouraged. They have 
therefore caused the following rules to be prepared : — 

When the cylindrical shells of boilers are made of the best 
material, with all the rivet holes drilled in place and all the seams 
fitted with double butt straps each of at least five-eighths the 
thickness of the plates they cover, and all the seams at least 
double-riveted with rivets having an allowance of not more than 
75 per cent, over the single shear, and provided that the boilers 
have been opened to inspection during the whole period of con- 
struction, then 5 may be used as the factor of safety. The tensile 
strength of the iron is to be taken as equal to 47,000 lbs. per sq. 
in. with the grain, and 40,000 lbs. across the grain. If, however, 
the iron be tested and the elongation measured in a length of 
10 ins. is not less than 14% with and 8% across the grain, and 
the Surveyors are otherwise satisfied as to the quality of the plates 
and rivets, 4*5 may be used as the factor of safety instead of 5, ill 
which case the minimum actual tensile strength of the, plates 
should be used in calculating the working pressure. When the 
above conditions are not complied with, the additions in the 
following scale should be made to the factor of safety according 
to the circumstances of each case : — 

Af ‘15 „ To be added when all the holes are fair and 

. good in the longitudinal scams, but drilled out 
of place after bending. 


* Reproduced by permissign of the Controller of His Majesty’s Stationery 
Office. 
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Bf -8 

C -3 

D -5 


E* 75 


F -1 


Gf -15 


II -15 

If *2 

J* ‘2 

K *2 

L -1 

M *3 


N *15 


0 1*0 


To be added when all the holes are fair and 
good in the longitudinal seams, but drilled 
before bending. 

To be added when all the holes are fair and 
good in the longitudinal seams, but punched 
after bending. 

To be added when all the holes are fair and 
good in the longitudinal seams, but punched 
before bending. 

To be added when all the holes are not fair and 
good in the longitudinal seams. 

To be added if the holes are all fair and good in 
the circumferential seams, but drilled out of 
place after bending. 

To be added if the holes are fair and good in 
the circumferential seams, but drilled before 
bending. 

To be added if the holes are fair and good in 
the circumferential seams, but punched after 
bending. 

To be added if the holes are fair and good in 
the circumferential seams, but -punched before 
bendiug. 

To be added if the holes are not fair and good 
in the circumferential seams. 

To be added if double butt straps are not fitted 
to the longitudinal seams, and the said seams 
are lap and double-riveted. 

To be added if double butt straps are not fitted 
to the longitudinal seams, and the said seams 
are lap and treble-riveted. 

To be added if only single butt straps are fitted 
to the longitudinal seams, and the said seams 
are donble-riveted. 

To be added if only single butt straps are fitted 
to the longitudinal seams, and the said seams 
are treble-riveted. 

To be added when any description of joint in 
the longitudinal seams is single-riveted. 

To be added if the circumferential seams are 


P 


T 
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fitted with single butt straps and are double- 
riveted. 

Q '2 To be added if the circumferential seams are 
fitted with single butt straps and are single- 
riveted. 

R T To be added if the circumferential seams are 

fitted with double butt straps and are single- 
riveted. 

S| T To be added if the circumferential seams are lap 

and are doubled-riveted. 

T *2 To be added if the circumferential seams are lap 

and are single-riveted. 

U ‘25 To be added when the circumferential seams are 

lap and the strakes of plates are not entirely 
under or over. 

V:|: *3 To be added when the boiler is of such a length 

as to fire from both ends, or is of unusual 
length, ns in the case of flue boilers, and the 
circumferential seams fitted as described 
opposite P, R, and S, but when the circum- 
ferential seams are as described opposite Q, 
and T, Y should be added. 

W* *4 To be added if the longitudinal seams are not 

properly crossed. 

X* *1 To bo added when the iron is in airy way doubt- 

ful, and the Surveyor is not satisfied that it is 
of the best quality. 

Yff 1*G5 To be added if the boiler* is not open to inspection 

during the whole period of its construction. 

When marked * the factor may be increased still further if the 
workmanship or material is such as in the Surveyor’s judgment 
renders such increase necessary. 

f When the holes are to be rimered or bored out in place, the 
case should be submitted to the Board as’ to the reduction or 
omission of A, B, G, and I, as heretofore. 

X When the middle circumferential seatns are double-strapped 
and doubled-riveted or lap- and trebled-ri voted, and the calculated 
strength not less than 65% of the solid plate, S ‘1 and Y ‘3 may 
be omitted. The end circumferential seams in such cases -should 
be at least double-riveted. 
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ft When surveying boilers that have not been open to inspec- 
tion during construction, the case should be submitted to the 
Board as to the factors to be used. 

Area of Safety-Valves. — 124. When natural draught is used 
the area per square foot of fire-grate surface of the locked-up 
safety-valves should not be less than that given in the following 
table opposite the boiler pressure intended, but in no case should 
the valves be less than two inches in diameter. This applies to 
new vessels and to vessels which have not previously received a 
passenger certificate. 

When, however, the valves are of the common description, and 
are made in accordance with the table, it will be necessary to fit 
them either with springs having great elasticity, or to provide 
other means to keep the accumulation within moderate limits. 

When forced draught is used, the area of the safety-valve should 
not be less than that found by the following formula : — 

/ Estimated consumption of coal per square foot / area of 
Ax] of grate in lbs. per hour. = } valves 

( 20 ( required. 

A = area of valves as found from the table. 

When the pressure exceeds 180 lbs. per sq. in. the accumulation 
of pressure at the steam test will probably be exceptionally high, 
unless the area of the branch leading from the valve chest is in 
excess of the area of the valves and the area of the main waste 
steam pipe is correspondingly in excess of the gross area of the 
valves. 

When ascertaining the fire-grate area, the length of the grate 
should be measured from the inner edge of the dead plate to the 
front of the bridge, and the width from side to side of the furnace 
on the top of the bars at the middle of their length. 

In the case of vessels that have not previously had a passenger 
certificate, if there is only one safety-valve on any boiler, the 
Surveyor should not grant a declaration without first referring the 
case to the Board for special instructions. 
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Safety-Valve Areas 

(Natural Draught). 


Boiler 

Pressure. 

Area of Valve 
per Square 
Foot of 

Fire Grate. 

Boiler 

Pressure. 

Area of Valve 
per Square 
Foot of 

Fire Grate. 

Boiler 

Pressure. 

Area of Valve 
per Square 
Foot of 

Fire Grate. 

15 

1-250 

63 

*480 

Ill 

•297 

16 

1*209 

64 

•474 i 

112 

■295 

17 

1*171 

65 

•468 

113 

*292 

18 

1*136 

66 

*462 

114 

•290 

19 

1*102 

67 

*457 

115 

•288 

20 

1*071 

68 

*451 

116 

•286 

21 

1*041 

69 

•446 

117 

•284 

22 

1*013 

70 

•441 

118 

•281 

23 

*986 

71 

•436 

119 

•279 

24 

•961 

72 

•431 

120 

•277 

25 

*937 

73 

•426 

121 

•275 

26 

*914 

74 

•421 

122 

•273 

27 

*892 

75 

•416 

123 

•271 

28 

*872 

76 

•412 

124 

•269 

29 

■852 

77 

•407 

125 

•267 

30 

*833 

78 

•403 

126 

■265 

31 

*815 

79 

•398 

127 

•264 

32 

■797 

80 

•394 

128 

•262 

33 

•781 

81 

•390 

129 

•260 

34 

•765 

82 

•386 

130 

•258 

35 

•750 

83 

•382 

131 

•256 

36 

•735 

84 

•378 

132 

•255 

37 

•721 

85 

•375 

133 

*253 

38 

•707 

86 

•371 

134 

•251 

39 

•694 

87 

*367 

135 

•250 

40 

*681 

88 

•364 

136 

•248 

41 

•669 

89 

*360 

137 

• 24.6 

42 

•657 

90 

•357 

138 

•245 

43 

•646 

91 

■353 

139 

•243 

44 

■635 

92 

•350 

140 

•211 

45 

•625 

93 

•347 

141 

•240 

46 

*614 

94 

•344 

142 

•238 

47 

•604 

95 

•340 

143 

•237 

48 

*595 

96 

■337 

144 

■235 

49 

*585 

97 - 

•334 

145 

•234 

50 

*576 

98 ' 

•331 

146 

•232 

51 

*568 

99 

•328 

147 

•231 

52 

•559 

100 

•326 

148 

•230 

53 

•551 

101 

*323 

149 

*228 

54 

•543 

102 

•320 

150 

‘227 

55 

•535 

103 

•317 

151 

*225 

56 

•528 

104 

•315 

152 

'224 

57 

•520 

105 

•312 

153 

*223 

58 

•513 

106 

•309 

154 

•221 

59 

*506 

107 

•307 

155 

*220 

60 

•500 

108 

•304 

156 

*219 

61 

*493 

109 

•302 

157 

•218 

62 

•487 

110 „ 

•800 

158 

•216 
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Safety-Valve Areas. — continued. 


Boiler 

Pressure. 

Area of Valve 
per Square 
Foot of 

Fire Grate. 

Boiler 

Pressure. 

Area of Valve 
per Square 
Foot of 

Fire Grate. 

Boiler 

Pressure. 

Area of Valve 
per Square 
Foot of 

Fire Grate. 

159 

•215 

173 

•199 

187 

•185 

160 

•214 

174 

•198 

188 

•184 

161 

•213 

175 

*197 

189 

•183 

162 

*211 

176 

•196 

190 

•182 

163 

•210 

177 

•195 

191 

•181 

164 

•209 

178 

•194 

192 

•1S1 

165 i 

•208 

179 

•193 

193 

•180 

166 

•207 

180 

•192 

194 

•179 

167 i 

•206 

181 | 

•191 

195 

•178 

168 

•204 

182 

•190 

196 

•177 

169 

•203 

183 

•189 

197 

•176 

170 ! 

•202 

184 

•188 

198 

•176 

171 

•201 

185 

•187 

199 

•175 

172 

■200 

186 

•186 

200 

•174 
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[The following has been inserted by the permission of the Manchester 
Steam Users’ Association from the Report of the Chief Engineer, C, E, 
STROMEYKR, Esq., for U)10.] 


ADYIOE TO BOILER ATTENDANTS. 


Stoking, &o. 

Raising Steam. — Before lighting fires see that there is 
sufficient water in the boiler, also watch the water-gauge while 
raising steam, for the blow-off valve or the feed check valve may 
he so leaky as to pass water as soon as there is any pressure. 
Large temperature differences in a boiler may produce fractures or 
start leakages. If the boiler cannot be filled with warm water 
through the economiser, then the firing should proceed very 
slowly so that the bottom of the boiler may grow as warm as the 
top. If pressed for time, the boiler may be filled to the top of 
the water-gauges, and when, with rapid firing, the top water 
has grown warm, discharge the cold bottom water and continue 
firing. 

The Coal Bill for an average Lancashire Boiler is about £800 
to £000 a year, and more than £100 can very easily be wasted by 
negligent stoking and by defects, which careful inspection by 
boiler experts can reveal. It is penny wise and pound foolish to 
ignore so-called trifles which, waste fuel or heat during a whole 
j car. 

Dense Smoke indicates either that a boiler is overworked, that 
„ the draught is insufficient, or that the stoking is badly done, 
Light smoko indicates efficient stoking. With poor draught the 
fires should be kept thin and level by firing frequently, and at one 
side of the grate at a time. If necessary, keep the air grids in 
the fire doors slightly open just after coaling. A continuous 
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admission of much air is wasteful ; it spoils the draught and merely 
dilutes the smoke, but does not remove the nuisance. 

Mechanical Stoking may be as efficient as good hand stoking, 
especially with small coal, and pecuniary savings can then he 
effected if the cheapness of the fuel more than balances the wear 
and tear of the boiler and of the mechanical stoker. It is not 
advisable to use mechanical stokers with forced draught if the feed 
water is either sedimentary or greasy, for then the furnaces are 
almost sure either to bulge or to groove. 

Bulged Furnaces. — The slow bulging which results from grease, 
scale, or concentrated impure waters, combined with intensely 
hot furnace temperatures, can only be stopped by removing its 
cause. 

Collapses of Furnaces due to shortness of water are generally 
more sudden. Misreadings of the water level due to reflections 
from the glass shield, and dirt in the gauge-glass, frequently 
lead to these accidents, but negligence on the part of the 
stoker, stoppage of the feed supply, and leakages past the blow- 
off cock may also be the cause. As soon as shortness of water 
is discovered, cool the furnace plates from both sides as quickly 
as possible. Open the furnace doors to admit much cold air, 
but do not disturb the fires, ease the safety-valves, and close 
the stop valves of other connected boilers so as to cause priming 
in the neglected boiler. The rising froth will help to cool and 
stiffen the over-heated plates. All available feed should be turned 
on. Exhaustive experiments by this Association have shown that 
this procedure does not cause any increase of pressure. 

Overhauling- Boilers. 

Boiler Inspection has now been made compulsory, and boiler 
owners are required to open out, scale and otherwise prepare their 
boilers in such a way that the Inspector can make a thorough 
examination . 

Open out and clean the boiler sufficiently often in order that 
the scale may not grow too thick* Scale is most easily removed „ 
before it has come in contact with air. The boiler had therefore 
best be cooled with water in it and the scale scraped and brushed 
off as the water level is lowered* The flues should be cleaned 


B.E. 
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every three months or oftener. Improved boiler efficiency is 
obtained if the soot and tarry matter is brushed and scraped off 
the plates. 

Manholes. — Before opening out a boiler, the safety-valve should 
be eased and kept open until the manhole and mu dhole lids have 
been taken off, for if there is a pressure or a vacuum in the boiler 
the lid may be blown off the boiler or into it. 

Fusible Plugs, if fitted, should be cleaned on the water side and 
on the fire side every time that a boiler is opened out. The 
fusible metal should be renewed on the occasion of the annual 
inspection. 

Fittings. — All valves and cocks should be kept in a good 
working condition. They should be thoroughly overhauled on the 
occasion of the annual inspection, except asbestos-packed codes , 
which should be overhauled only by the maker or an expert. 

Safety-Valves and Low-Water Alarms should be eased daily 
to see that they are in working order and should be overhauled 
annually. It is a very serious matter to overload safety-valves or 
otherwise alter them. If they do not work properly the manager 
should be informed so that he may send for an Inspector to deal 
with the matter. 


CoEEOSion. 

Corrosion is generally due to air which has been absorbed by the 
feed water and which cannot be removed. Its action is intensified 
by common salt and by chlorides of magnesia and lime ; its action 
is diminished by suitable additions of soda and of lime. Purified 
water, in addition to obviating scale, also reduces corrosion. 
Excesses of soda or boiler compositions attack brass fittings and 
cause leaky seams. 

Idle Boilers should be thoroughly washed out and dried. Trays 
with unslaked lime should be placed inside and the boilers should 
be closed air-tight. If the boiler is to stand ready for immediate 
use it should be filled with water to which burnt lime has been 
added, but unless the boiler is one of a battery and is kept warm, 
it is lilcely to condense atmospheric moisture from outside and 
corrode if filled with water. 
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Steam Pipes, &cl 

Kiers and Steaming Vessels are by law defined as being 
boilers ; it is therefore very desirable that they should be frequently 
inspected. Steam pipes should always be drained and kept dry, 
for it is extremely dangerous to admit steam into pipes in which 
water may be lodging. It is equally dangerous to drain pipes in 
which there is steam pressure, and yet without pressure it is 
difficult to drive water out of pipes when it has once got in. 
Pipes which are so arranged that water can lodge in them either 
with or without any valves being shut, should be provided with 
steam traps and these should not be allotved to get choked. 

Cracking Noises in steam pipes indicate that they contain water 
and that an explosion may occur at any moment. Such cases should 
be carefully inquired into. 

Warnings. 

Don’t overload the safety-valves or tamper with them. 

Don’t let the water level sink out of sight. 

Don’t allow the cocks and valves to set fast. 

Don’t open the steam stop-valves hurriedly. 

Don’t empty the boiler while steam is up. 

Don’t open manholes before easing safety-valves. 

Don’t raise steam hurriedly. 

Don’t use unknown scale solvent or compositions. 

Don’t slake ashes against boiler fronts. 


[The following is a reproduction of instructions issued by the Vulcan Boiler 
and General Insurance Company, Ltd,, Manchester, and is reproduced by 
permission of the Chief ‘Engineer, J. F. L. Croslanjd, Esq.] 

TO ENGINEERS-IN-CHARGrE, EIREMEN, 

And Others Responsible for the Upkeep and Management 
of Steam Boilers. 

Water-Gauges should be blown through frequently, and the 
glasses kept clean and the passages clear. The fact that a boiler 
may be provided with a low- water safety-valve does not excuse lack 

i 2 
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of vigilance as to the water level. More accidents happen from 
want of attention to water-gauges than from all other causes put 
together. 

Safety-Valves should be tried at least once a day to make sure 
that they will act freely. To neglect, overload, tamper with, or to 
interfere with the construction of this important fitting leads to 
the most disastrous results. 

Pressure-Gauges should be periodically tested for accuracy by 
the “ Vulcan ” standard gauge tester, from zero upwards to about 
25% above the working pressure, or at each “thorough” 
examination, and the result recorded in the report or Factory Act 
certificate. 

Blow-off Cocks should be taken apart, examined and greased 
every time the boiler is cleaned. Make certain that water is not 
escaping when the cock is supposed to be closed. 

Check Valves, or self-acting feed valves, should be taken out 
and examined every time the boiler is cleaned. When the feed 
pump is at work satisfy yourself frequently that the valve is 
acting. 

Shortness of Water. — Low- water safety-valves should be kept 
in good working order and correct adjustment. Fusible plugs 
should be cleaned every time the boiler is emptied and the fusible 
alloy renewed at intervals of about six months, spare cones being 
kept in readiness to enable this to be done without inconvenience. 
Should the water get too low, the fire ought to be drawn at once, 
but if the furnace crown appears to be red hot the fire should be 
smothered with wet ashes, wet slack, or any earth that may be at 
hand. The damper should then be closed. If the engine is 
running or the feed pump delivering into the boiler, do not stop 
it, and do not attempt to blow off the steam until the fire is out 
and the overheated plates have cooled. 

To Keep the Boiler in Good Repair raise steam slowly. Never 
light the fires till the water shows in the gauge-glass. Never 
empty under pressure, but allow the boiler and brickwork to cool 
before running the water off. The admission of oil or greasy 
* matter into the boiler is dangerous, causing overheating of the 
plates, and should be carefully avoided. Glean the boiler inside 
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once a month, particularly if of the water-tube type, or oftener if 
the water is bad. Clean all flues at intervals not exceeding three 
months. Stop any leakages and prevent any dampness at the 
seating or covering. Carefully examine the plates subjected to 
the direct action of the fire, the inside of the boiler and the parts 
in contact with brickwork. If the boiler is not required for some 
time, or if from its exposed situation the water would be liable to 
become frozen, the pressure gauge should be removed and the 
boiler emptied and kept thoroughly dry. 

To Save Coal keep the boiler clean inside and outside. If 
there is a plentiful supply of steam keep a thick fire, but if short 
of steam work with a thin fire, keeping the bars fully and evenly 
covered. Piring a furnace on each side alternately tends to 
prevent smoke. 


[The following is a reproduction of the ■ ‘ f* “ Wasting 

under Brickwork and Coverings ” of ■■ " :.’d General 

Insurance Company, Ltd., Manchester, and is reproduced by permission of 
the Chief Engineer, Edwabd G. Hillub, Esq.] 

WASTING TJNDER BRICKWORK AND COVERINGS. 

The condition of those parts of boilers which are covered by flue 
brickwork, or composition, or other coverings, cannot be determined 
without the removal of the brickwork or the covering. 

Serious Corrosion under brickwork often occurs, and also under 
composition and other coverings, where boilers are unhoused 
and not protected from the weather; where the surrounding 
ground is damp ; where steam pipes and fitting joints are allowed 
to leak ; where leakage occurs at shell seams. Even where boilers 
are housed and otherwise dry, leakage at the seams may cause 
serious- corrosion. 

The parts about the front cross-seating wall, and the blow-off 
pipe joints, are peculiarly liable to dampness, from leakage and 
other causes ; and serious corrosion of the plate, angle iron, and 
blow-off pipe is often the result. 
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Many disastrous explosions have occurred owing to unsuspected 
corrosion under brickwork. 


Ploughing and Baking Necessary. 

TO AVOID EXPLOSION AND TO SAVE EXPENSE IN REPAIR TEE 
FOLLOWING RULES SHOULD EE ADOPTED : — 

Special Baring *. — Dampness or Leakage . — -Whenever leakage or 
dampness shows through brickwork (or composition covering') the 
briokworlc or covering should be removed at once for examination 
and the defect: made good. 

All sources of external dampness should be prevented. 

Periodical Baring . — Top Coverings . — Remove brickwork or 
non-porous composition, if boiler unhoused, every five years ; if 
boiler housed, every ten years. Remove porous composition, if 
boiler unhoused, every ten years ; if boiler housed, every fifteen 
years. 

Mm Brickwork . — Plough flue covers, and in case of side-seating 
walls remove bricks, so as to push back seating blocks at each 
ring seam, every ten years. The gaps should be about 1 ft. wide 
at the covers, and 9 ins. at the seatings. 

Where flue covers or seating walls are excessively wide or are 
liable to dampness, ploughing should be done oftener. 

Where boilers are unhoused it is desirable to remove the flue 
covers entirely, especially if dampness exists. 

If longitudinal seams come in the flue covers or under the seat- 
ing walls, they should be entirely bared. The flue covers should 
also be removed where they come under steam and feed pipes, and 
supporting brackets in ex tern ally -fired boilers should be also bared. 

Front cross-seating walls should be entirely removed or at least 
for G ft. circumferentially round the bottom every ten years, but 
every two or three years if more than 9 ins. wide, and if not clear 
of front end seams. If damp, they should be removed about the 
blow-off every year. 

The composition, or lagging, of vertical boilers should be 
removed every five to eight years in cases where the covering is 
non-porous, and every seven to ten years where it is porous. 
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[The following is a reproduction of instructions issued by the Scottish 
Boiler Insurance Company, Ltd., Glasgow, and is reproduced by permission 
of their Chief Engineer, George Ness, Esq.] 

INSTRUCTIONS TO FIREMEN. 

Water-Gauges. — Try these frequently to ascertain the level of 
the water, and see that the passages are clear. 

Feed Appliance. — Regulate this so as to keep the water as 
nearly as possible at the same level. 

Check- Valves. — Make sure that the water is not being forced 
out of the boiler in consequence of these valves being defective. 

Blow-off Cocks. — Examine these every time the boiler is cleaned, 
and see that there is no leakage going on while the boiler is at 
work. 

Fusible Plugs. — Keep the caps free from accumulation of soot 
and scale, and change them at least once a year. 

Safety-Valves. — Try these several times daily to ascertain that 
they are free in action. To prevent overloading with lever valves, 
have the levers cut so as to allow no more than the stipulated 
pressure when the weight is at the extremity. 

Pressure-Gauges. — Have these tested periodically. For this 
purpose a suitable tap should be fitted to the boiler to which the 
inspector may attach his standard gauge. 

Raising Steam. — In raising steam from cold water, do so 
slowly, allowing the boiler to become gradually and uniformly , 
lieated, thus preventing the severe strains of unequal expansion. 

Firing. — In a double-flued boiler, fire each furnace alternately ; 
by this means a steadier evaporation will be maintained, and a 
double volume of smoke prevented. When the furnaces are of 
sufficient width, throw the fuel on each side alternately, as a 
preventive of smoke. If there is a plentiful supply of steam, 
keep up a thick fire, but if rapid evaporation is necessary, work 
with a thin fire, spreading the fuel evenly over the bars and intro- 
ducing it in small charges at short intervals. 
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Shortness of Water. — If this is observed before the furnace 
crowns become red hot, draw the fires at once. If too late, shut 
the damper and smother the fires with slack, sand, or earth. Do 
not stop the engine if working, or start it if standing ; do not lift 
the safety-valve lever or interfere with the feed. Do nothing 
further until the fires are out and the overheated plates cooled 
down, when the boiler must be inspected before again working. 

Generally. — Never allow wet ashes to accumulate against the 
front end of boiler. Stop all leakages from joints and mountings ; 
until this can be done thoroughly take means to prevent the drip- 
pings from lodging on the plates. Do not empty the boiler until 
the pressure is off, and the boiler and brickwork cool. When 
cleaning, examine all parts in contact with brickwork for signs of 
leakage or dampness, and where such are observed have the 
necessary repairs made without delay. 

Thorough Examination. — When this has been arranged for, 
the boiler should be emptied, all manhole, mudhole, and hand- 
hole doors removed, the plates thoroughly cleaned and scaled at 
the waterside, and all deposit removed. The fire bars and flame 
bridges should be taken out, all connections opened up, safety- 
valves taken adrift, cleaned, and re-adjusted. The internal and 
external flues should be cleaned, and all soot swept off the plates, 
Where brickwork is damp, it should be frequently opened up. 


[The following is a reproduction of instructions issued by the Ocean 
Accident ajid Guarantee Corporation, Ltd., London, and is reproduced by 
permission of the Directors.] 

INSTRUCTIONS TO FIREMEN. 

On Commencing Duty. — Look into the furnaces, see whether 
any bulging or leakage has taken place, and notice whether the 
water level has fallen during the night. 

Blow through all the water-gauge taps, and raise the dampers 
to clear the flues of explosive gases. 

Open the blow-off .cock to remove any sediment. 

Stir up fires and raise pressure as slowly as possible. 

Try the safety-valves to make sure they act freely. 
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To neglect, overload, or tamper with the safety-valves leads to 
the most disastrous results. 

Do not open the junction valve or engine-stop valve fully until 
you are satisfied that the steam pipes are quite free from water. 

During the Day. — See that the proper level of water is always 
maintained and never allow it to get low. 

See that the water-gauge glasses are kept clean and the passages 
clear, and try them frequently. 

Want of proper attention to the water-gauges leads to more 
accidents than all other causes put together. 

Keep the fire-bars evenly covered. 

Firing a furnace alternately on each side and leaving the fire 
door partly open after firing will tend to prevent smoke. 

Feel the waste pipes from the blow cocks of boiler and 
economiser at least once a day. If hot the taps are leaky. 

After each stop, open the dampers to clear the flues of gas 
before breaking up the fires. 

See that the boiler and its fittings are kept clean and in working 
order, the blow-off pit dry, and the boiler house swept and tidy. 

On no account allow ashes to lie against the boilers or about the 
blow-off pipe and never slake them there. 

Never attempt to stop a leak or tighten a joint when there is a 
high pressure in the boiler. 

Before Leaving Duty. — Kun the water up as high as is neces- 
sary and take note of the level and see that the blow-off cocks are 
properly shut. 

Ascertain whether the steam-pipe drains are open and in working 
order. 

Bank the fires, close the damper and tidy up. 

If the Water gets too Low. — The fire ought to be drawn at 
once, but if it is heavy or the furnace crown appears to.be red 
hot, smother the fire with dirt or wet ashes and close the dampers, 
leaving the fire door open. 

Warn every person away from the boiler. 

If the engine or feed pump are running do not stop them, but 
if not running do not start them. 

Wait until the fire is out and the overheated plates have cooled 
before attempting to blow off the steam. 
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To Save Coal and Keep the Boiler in Good Repair. — Clean 
the boiler inside once a month or oftener if the water is of bad 
quality. 

Also sweep the flues at intervals not exceeding three months. 

Examine the seams, and especially those parts in contact with 
the seating brickwork, and any plates subjected to the direct action 
of the fire. 

Always raise steam slowly and never light the fires until the 
water shows in the gauge glass. 

When emptying the boiler never do so under pressure, but allow 
the boiler and brickwork to cool before running the water off. 

Take every precaution to prevent the admission of oil or greasy 
matter into the boiler, as this is dangerous, causing overheating of 
the plates. 
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FORMS. 

THE BOILER EXPLOSION'S ACTS, 1882 & 1890. 

Summons to attend a Formal Investigation. 

To Mr. 

Take Notice that by virtue of the provisions of the Boiler 
Explosions Act, 1882, 45 and 46 Viet., c. 22, we hereby require 
you bo attend personally before us at on the day of 
at of the clock in the noon, for the purpose 
of being examined upon oath upon the following matters, that is 
to say, the causes and circumstances attending the explosion of a 
Boiler which occurred 

And take Notice that we also require you then and there 
to produce together with all books, papers or documents, 
which may be in your possession, or under your control, containing 
any information relative to the matters aforesaid. 

And we further give you Notice that under Section 
7 of the said Act the Court may order the costs and expenses of 
this Formal Investigation, or any part thereof, to be paid by you, 
or any person summoned before us. 

(riven under our hands this day of 


Commissioner . 
Commissioner . 


Note. — Any person neglecting or refusing to attend as required by this 
Summons will incur a penalty not exceeding Ten Pounds. 

To this form . is attached the list of gvestions which the Board of Trade 
propose to ash the Commissioners at the hearing. 
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Form 55. 

February , 1911. (See Notes overleaf. 

Not to be reprinted without the consent of the Controller of H.M. Stationery Office. 

FACTORY AND WORKSHOP ACTS, 1901 AND 1907. 

FORM PRESCRIBED BY THE SECRETARY OF STATE, FOR 
REPORT OF EXAMINATION OF STEAM BOILER. 
Address of Works 
Name of Occupier 

Description or distinctive number of Boiler, and type 

Age 

The history should be briefly stated, or reference made to record 
in earlier reports. 

Date of last hydraulic test (if any), and pressure applied. 

Quality and source of feed water * 

1. Boiler — 

(a) Was the boiler scaled, prepared, and (so far as its 
construction permits) made accessible, sufficiently for 
thorough examination and for such tests as may be 
necessary in order to complete the thorough examina- 
tion ? 

(See Note 0 overleaf.) 

(5) What parts (if any) were inaccessible 1 
(d) What examination and tests were made ? 

( \(T) Condition. External: 

(State any defects materially affecting . 
the permissible working pressure.) Internal • 

2. Mountings — 

(a) Are there proper mountings, including safety- 
valve, water-gauge and steam-gauge ? 

(Z>) Are all mountings properly maintained and in 
good working order ? 

(See Note B overleaf.) 

(c) Are the water-gauges protected ? 

3. Permissible working pressure for the ensuing 14 months 

(subject to any conditions stated in paragraphs 4 and 5) 
calculated from dimensions, and from the thickness and 
other data ascertained by the present examination ; due 
allowance being made for conditions of working if 
unusual or exceptionally severe. 

4. Repairs (if any) required, and period within which they 

should be executed. 

5. Other observations 

I certify that on I thoroughly examined the boiler above described, 
and that the above is a true report of the result. 

Signature Counter-signature 

(when required by s. II). 

Qualification Name of Company ) 

or Association, j 

Address Date 

. Date 
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[Back of Form 55.] 

Notes. 

A. — The Factory and Workshop Act, 1901, s. 11, requires as 
follows : — 

(1) Every steam toiler used for generating steam in a factory or 
workshop or in any place to which any of the provisions of this Act apply 
must, whether separate or one of a range — 

(a) have attached to it a proper safety valve and a proper steam 
gauge and water gauge to show the pressure of steam and 
the height of water in the boiler ; and 

(&) be examined thoroughly by a competent person at least once in 
every fourteen months. 

(2) Every such boiler, safety valve, steam gauge and water gauge must 
be maintained in proper condition. 

(3) A report of the result of every such examination in the prescribed 
form, containing the prescribed particulars, shall within fourteen days be 
entered into or attached to the general register of the factory or workshop, 
and the report shall be signed by the person making the examination, and, 
if that person is an inspector of a boiler-inspecting company or association, 
by the chief engineer of the company or association. 

(1) A factory or workshop in which there is a contravention of this 
section shall be deemed not to be kept in conformity with this Act. 

(5) This section shall not apply to the boiler of any locomotive which 
belongs to and is used by any railway company, or to any boiler belonging 
to or exclusively used in the service of His Majesty. 

(6) For the purposes of this section, the whole of a tenement factory or 
workshop shall be deemed to be one factory or workshop, and the owner 
shall be substituted for the occupier, and he shall register the report referred 
to in this section. 

The occupier of the factory or workshop is responsible for 
seeing that the provisions of this section are fulfilled, including 
the employment of a competent person to make the examination ; 
and in the event of default is liable to a fine not exceeding ten 
pounds. 

B. — Where a further inspection is necessary in order to 
complete the thorough examination required by the Act ( e.g. y to 
inspect the mountings under working conditions) a provisional 
entry (“ reserved for supplementary report after examination under 
working conditions ”) may he made with regard to the items in 
question, provided that (i) the thorough examination is completed 
within the statutory period of 14 months, and (ii) a supplementary 
report on this Form is inserted in the general register. In such a 
case it is not essential that the supplementary report should repeat 
detail, already given in the partial report, which needs no further 
comment ; but the dates appended to the supplementary report . 
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should be those of both parts of the examination, and in the earlier 
of the two reports the certificate will need the addition of the 
qualifying words “ subject to the reservation (noted above) of 
certain points for examination under working conditions,” after 
the word “ examined.” 

C. — According to the type of boiler, facilities must be given 
by the occupier for such examination (internal and external), 
hammer testing, drilling, lifting, hydraulic testing, steam trial, or 
other means of testing as may be necessary for the thorough 
examination. Thus, the boiler should be opened out, cleaned and 
scaled; doors of manholes, mudholes, and handholes taken off; 
fire-bars removed, and (in case of Lancashire and Cornish boilers) 
fire-bridges if of brick ; all connections opened out ; safety-valves 
taken adrift, cleaned and re-adjusted. Where necessary, brickwork 
must be removed for the purpose of inspection of vital parts of the 
external surface of the boiler. 


The above Form 55 is reproduced by permission of the Controller of His 
Majesty’s Stationery Office. 

A similar Form is prescribed for the examination of a steam 
boiler under the Coal Mines Act which comes into force July 1st, 
1912. 

The Coal Mines Act, 1911, s. 56, enacts as follows : — 

56. — (1.) Every steam boiler used for generating steam in or 
about a mine* must, whether separate or one of a range — 

(a) have attached to it, a proper safety-valve, and also a proper 

steam-gauge and water-gauge, to show respectively the' 
pressure of steam and the height of water in each boiler ; 
and 

(b) be examined thoroughly by a competent person at least once 

in every fourteen months ; and 

(c) be cleaned out and examined internally, as far as the 

construction of the boiler will permit, by the person in 
charge of it once at least in every three months. 

* Mines of coal, stratified ironstone, shale or fire clay. “Mine” includes 
shafts and inclined planes in the course of being sunk or driven and all 
works and tramways above and below the ground adjacent to the mine. 
[See Coal Mines Act, ss,. 1 and 122.] 
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(2.) Every such boiler, safety-valve, steam-gauge, and water- 
gauge must be maintained in proper working condition, and all 
water-gauges shall be adequately protected by a covering or guard 
unless so constructed as to be equally safe to the persons employed 
whether so protected or not, 

(3.) A report of the result of every examination under this 
section in the prescribed form and containing the prescribed 
particulars, shall, within fourteen days, be entered into or attached 
to a book to be kept at the mine for the purpose, and the report 
shall be signed by the person making the examination, and, if that 
person is an inspector of a boiler inspecting company or association, 
by the chief engineer of the company or association. 

(4.) The foregoing provisions of this section shall not apply to 
the boiler of any locomotive which belongs to and is used by any 
railway company. 

(5.) A steam boiler shall not be placed under ground in any 
mine after the passing of this Act. 
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Acid in feed water, 53 
Adjustment of safety valves, 41 
Air in feed water, 54 
Analysis of boiler material, 98 
of feed water, 54, 114 
Appearance of fracture, evidence from, 93 
Artificial circulation, 46 
Automatic feed regulator, 62 

Blowing down a boiler, 46 
Blow-off pipe, corrosion of, 58 

leakage through, 65 
overheating of, 69 
rigidity of, 79 
sticking of the valve of, 65 
valve key of, 65 

Board of Trade Buies for area of safety valve, 42, 109 
blow-off pipe valve key, 65 
factor of safety, 106 
hydraulic tests, 92 
lift of safety valve, 42 
overloading safety valve, 41 
punching rivet holes, 49, 90 
use of cast iron, 80 

Boiler, definition of, under Boiler Explosions Act, 2 
under Coal Mines Act, 7 
under Factory and Workshop Act, 7 
Boiler Explosions Acts, 99 — 103 
Brazing of pipes, 81 
Brickwork, baring of, 58, 118 
dampness of, 57 
in ovens, 72 

Cast iron, unsuitability of, Board of Trade Rule, 80 

for manhole doors, 85 
for steam pipes, 80 
for superheaters, 81 
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Caulking under steam, 87 

Causes of explosion, summary of, 29, 33 

Chain studding, 52 

Check valve, leakage through, 65 

necessity to examine, 116 
Circulation of water, artificial, 46 

stoppage of, 35, 66 

Coal Mines Act, 6, 7 
Cold water, use of, 45, 46 

Commissioners forming Court of Investigation, powers of, 4, 12 

qualifications of, 
4, 12 

( See Kecommendations of.) 

Compensating ring for manholes, 51 
Competent person to examine boilers, 9 
Copper, strength of, loss of due to high temperature, 81 
test for, 81 
use of, for pipes, 81 

for superheaters, 81 
Copper pipes, brazing of, 81 
Corrosion, and erosion of tubes, 58 

external, due to damp brickwork, 57, 117 
due to leakage, 56 
internal, due to acid, 53 
due to air, 54 
due to galvanic action, 55 
due to grease, 56 
in idle boilers, 114 

Court of Formal Investigation, constitution and powers of, 4, 12 

form of summons to, 13, 123 
persons summoned before, 12 
procedure at, 14 
questions submitted to, 13 


Damp ashes danger of, 58, 120 
Dampness of boiler covering, 58, 118 
Deposit in water tubes, 67 
of mud, 67 

on the plates of a boiler, 67 
recommendations to prevent, 69 
Disposition of fractured boiler, evidence from, 93 
Domestic purposes, definition of, 2 

Duty of insurance companies to examine and inspect, 22 

to express opinions clearly, 23 
to warn owner of defects, 23 


B.E. 
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Duty of the manufacturer, as to the quality of material, 24 

as to safe working pressure, 25 
of the owner, as to boiler attendants and supervision, 16 
as to inspection and examination, 18 
as to safe working pressure, 17 
when insured, 19 
of persons inspecting boilers, 23 
of repairers, 25 

Economisers, safety valves for, 8 

stoppage of leaks under pressure in, 87 
Emptying a boiler, 46 
Energy liberated by explosion, 94 
Erosion of fire-tubes, 58 
Evidence of causes of explosion 

from examination after explosion, 93 
history, 89 

incidents preceding explosion, 92 
management, 90 
tests of material, 97 

Examination of boilers, evidence from, 93 

duty of person making, 23 
failure to find defects by, 22, 91 
for purpose of Factory and Coal Mines 
Acts, 7 

form of report of 124 
length of period between, 69 
Expansion of ice, 80, 105 
of pipes, 79 
of water, 80, 105 
Explosion, definition of, 27 

energy liberated by, 94 
multiple, 87 

Factor of safety, definition of, 31 
for cast iron, 32 
values of, 32, 106 

Factory and Workshop Act, 7, 9, 125 
Factory, a quarry is a, 10 
Feed pump, failure of, 03 

regulator, automatic, 02 
water, acid in, 53 
air in, 54 
analysis of, 54 


Fines, 25 
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Flaws, cannot always be discovered, 48, 51 
developed by bad management, 45 
overbeating, 72 

latent, caused by bad castings, 50 
bad caulking, 50 
bad riveting, 49 
overstraining, 49 
punching the plates, 49 

Formal investigations, power of Board of Trade to order 
under Boiler Explosions Act, 3, 12 
Coal Mines Act, 6 
Factory and Workshop Act, 5 
Merchant Shipping Act, 6 
Notice of Accidents Act, 4 
Railway Regulation Act, 5 
Forms of report of examination of steam boiler, 124 

summons to attend formal investigation, 123 
Fracture, appearance of, evidence from, 93 
Fusible plugs, failure of, 63 
function of, 62 

necessity to clean, 63, 114, 119 
safe size of, 63 

Galloway tubes, removal of, 51 
Galvanic action, corrosion accelerated by, 55 

due to lack of homogeneity, 55 
due to different metals in contact, 56 
Gas pressure, explosion due to, 86 
Gauge, steam pressure, 116 
water, misleading, 64 
stoppage of, 64 
wrong adjustment of, 64 
Grease, corrosion accelerated by, 56 
causing overheating, 70 
recommendations for prevention of, 71 
Grooving, 47 

Hardfiring of a boiler, by too great coal consumption, 71 
by using waste furnace gases, 72 
of locomotive, 72 
overheating contributed by, 71 
of oven tubes, 72 
Heating apparatus, is a boiler, 2 

expansion of water in, 87 
stoppage of circulation in, 35 
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Hydraulic tests after repairs, 52 

Board of Trade Buies for, 92 
not conclusive of good condition, 48, 91 
Hydrostatic pressure, 86 


Ice, expansion of, 105 
pressure of, 86 
stoppage by, 35, 85 

Inquiries, preliminary, under Boiler Explosions Acts, 3, 4 

Factory Acts, 5 
Mines Acts, 6 
Bailway Acts, 5 
Shipping Acts, 6 

Inspection of boilers. {See Examination.) 

Insurance companies, competent to inspect, 9 

duty of, to examine and inspect, 22 

to express opinions clearly, 23 
to warn owner of defects, 23 
guarantee of safety given by, 19 
Investigations. {See Formal Investigations.) 

Joints of pipes, 80 

of manhole doors, making of, 84 
material of, 85 
tightening up, 85 

Lap joints of cylindrical boilers, 47 
Latent flaws. {See Flaws.) 

Leakage from blow-off cock, 65 
check valve, 65 
patches, 56 
seams, 65 

stoppage of, under pressure, 87 
Lime, use of, to prevent corrosion, 55 
in idle boilers, 55 
carbonate of, deposit from, 67 
Locomotive, fire-box stays of, 51 

injudicious use of blower in, 72 
plugging tubes of, 51 
wear of tubes of, 59 

Low water, steps to be taken when there is, 66, 113, 116, 121 
Low- water alarm, action of, 61 
failure of, 62 
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Manholes, compensating rings of, 51 
doors of, 84 
opening, 85, 114 

Manufacturer, duty of, as to quality of material, 24 

as to safe working pressure, 25 
Merchant Shipping Act, 6, 10 
Metalliferous Mines Regulations Act, 6, 11 
Multiple explosion, 87 

Negligence. (See Duty.) 

Notice of Accidents Acts, 4 

Notice of accidents, when required, in Factories and workshops, 5 

in mines and quarries, 6 
on railways, 5 
on ships, 6 
on traction engine, 4 
under Boiler Explosions Act, 3 

Offences, summary of, 10 
penalty for, 10 

Oven tubes, overheating of, 72 
Overheating of furnaces due to deposit, 67 
due to grease, 70 
due to hardfiring, 71 
due to shortness of water, 61 
effect of, 60, 72 
evidence of, 96 

loss of strength of meter due to, 60, 72 
nature of, 59 

Overweighting of valves, 40 

Owner, duty of, as to boiler attendants and supervision, 16 
as to inspection and examination, 18 
as to safe working pressure, 17 
when insured, 19 

Panting of boiler ends, 48 
Pipes, brazing of copper, 81 
ductility of, 80 
expansion of, 70 
joints of, 80 
support of, 79 
vibration of, 79 

water hammer in, 73. (See Water hammer.) 

Pitting of boiler plates and tubes, 54 
Plugs of locomotive tubes, 51 
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Pressure, gas, 86 

hydrostatic, 86 
steam, gauge, 43 

working, 31 

Quality of material, evidence of, from tests, 97 

from appearance of fracture, 94 

Quarry Act, 6 

Quarry, notification of accidents in, 6 

provision of safety appliances in, 10 

Railway Employment Act, 11 

Railway Regulation Act, 4 

Recommendations as to brazed copper pipes, 83 

examination of boilers, 68 
heating apparatus, 35 
hydraulic tests, 68 
provision of safety appliances, 38 
use of water softeners, 68 

Reducing valves, 37 
Relief pipes, 36 
Repairs, improper, 51 

history of, evidence from, 90 

Safety appliances, provision of, in factories and workshops, 7 

in mines, 11 
in quarries, 10 
on railways, 1 1 
on ships, 10 

recommendations for the, 8, 38 

Safety, factor of/ (See Factor.) 

Safety valve, area of, 42, 109 

failure of, 40, 41, 114 
left on, 42 
types of, 39 

Safety valve pipes, stoppage of, 43 
Safe working pressure, 31 
Salinometer, 70 

Scale, corrosion hidden by, 57. ( See Deposit.) 

Seam rip, 50 
Ships, explosion in, 6, 10 
Shortness of water due to failure to feed, 63 
leakage, 65 

misleading water gauge, 64 
steps to be taken when there is, 66, 113, 116, 
121 
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Sludge hole doors, 84 
Stays, insufficiency of, 48 

screwed, of locomotives, 51 
Steam, boilers used for generating, 8 
pressure, 31 

raising rapidly, 46, 112, 116 
Stoppage of circulation, 35, 66 
reducing valve, 37 
relief pipes, 36 
safety valve pipes, 43 

Temperature, changes of, 45 

high, loss of strength of copper, 81 
loss of strength of iron, 60 
Traction engine, notice of accidents, 4 

Uptake of vertical boiler, 66 

Vibration of pipes, 70 

Wasting under brickwork, 117 
Water-gauge, description and use of, 01 
necessity to test, 64, 115 
stoppage of, 64 
wrong adjustment of, 64 
Waterhammer, classification of, 74 
nature of, 73 
prevention of, 77 
Water softeners, 68 
Welds, defective, 50 
Working steam pressure, 31 
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A SERIES OF TEXT-BOOKS INTRODUCTORY TO 
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EDITED BY 

GUY D. BENGOUGH, M.A., D.Sc. 

An Introduction to the Study of Fuel. 

By F. J. Brislee, D.Sc. 

With many Illustrations . Demy Svo. 8/6 net. (See p. 12.) 

The Chemistry of Dyeing and Bleaching 
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The Chemistry of the Rubber Industry. 
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Drainage Board. 

I Webber, W. H. Y., C.E., Consulting Engineer. 


Thresholds of Science. 

A NEW SERIES OF HANDY SCIENTIFIC TEXT-BOOKS, WRITTEN 
IN SIMPLE, NON-TECHNICAL LANGUAGE, AND ILLUSTRATED 
WITH NUMEROUS PICTURES AND DIAGRAMS. 

CV. S vo. 2/- Net per Vo l. 

Mechanics. By C. E. Guillaume. 200 -f .via pages. 50 illustrations. 
Chemistry. By Georges Darzens. 122 + x pages. 31 illustrations. 
Botany. By E. Brucker. 1S5 -f xv pages. 235 illustrations. 
Zoology. By E. Brucker. 219 + xiii pages. 165 Must rations. 
Mathematics. By C. A. Laisant. 15S + viii pages. Over 100 

illustrations. 

Astronomy. By Camille Flammarion. 191 + xi pages. 1S4 

illustrations. 

* * Write to Messrs. Constable & Co., Ltd., 10, Orange Street , 
Leicester Square, for full particulars of any book. 
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The “Westminster 99 Series 


Uniform. Extra Crown 8vo. Fully Illustrated. 6/- net each. 

Soils and Manures. By J. Alan Murray, B.Sc. 

The Manufacture of Paper. By R. W. Sindall, F.C.S. 
Timber. By J. R. Baterden, A.M.I.C.E, 

Electric Lamps. By Maurice Solomon, A.C.G.I., A.M.I.E.E. 
Textiles and their Manufacture. By Aldred Barker, M.Sc., 
Technical College, Bradford. 

The Precious Metals : comprising Gold, Silver, and Platinum. 
By Thomas K. Rose, D.Sc., of the Royal Mint. 

Decorative Glass Processes. By A. L. Duthie. 

The Railway Locomotive. By Vaughan Pendred, late Editor 
of The Engineer. 

Iron and Steel. By J. H. Stansbie, B.Sc. (Lond.), F.LC. 
Town Gas for Lighting and Heating. By W. PL Y. 
Webber, C.E. 

Liquid and Gaseous Fuels, and the Part they play in 
Modern Power Production. By Professor Vivian B. 
Lewes, F.I.C., F.C.S., Prof, of Chemistry, Royal Naval College, Greenwich. 

Electric Power and Traction. By F. H. Davies, A.M.I.E.E. 
Coal. By James Tonge, M.I.M.E., F.G.S., etc. (Lecturer on 
Mining at Victoria University, Manchester). 

India-Rubber and its Manufacture, with Chapters on 
Gutta-Percha and Balata. By PI. L. Terry, F.I.C., 
Assoc.Inst.M.M. 

The Book : Its History and Development. By Cyril 

Davenport, F.S.A. 

Glass Manufacture. By Walter Rosenhain, Superintendent 
of the Department of Metallurgy in the National Physical Laboratory. 

The Law and Commercial Usage of Patents, Designs, and 
Trade Marks. By Kenneth R. Swan, B.A.(Oxon.), of the 
Inner Temple, Barrister-at-Law. 1 

Precious Stones. With a chapter on Artificial Stones. 
By W. Goodchild, M.B., B.Ch. 

Electro-Metallurgy. By J. B. C. Kershaw, F.I.C. 

Natural Sources of Power. By Robert S. Ball, B.Sc., 
A.M.I.C.E. ’ 


Radio-Telegraphy. By C. C. F. Monckton, M.I.E.E. 
Introduction to the Chemistry and Physics of Building 
Materials. By Alan E. Munby, M.A. (Cantab.). 

The Gas Engine. By W. J. Marshall, A.M.I.M.E., and 
Captain H. Riall Sankey, R.E., M.I.C.E. 

Photography. By Alfred Watkins, Past-President of the 
Photographic Convention, 1907. 

Wood Pulp. By Charles F. Cross, B.Sc., F.I.C., E. T. Bevan 
F.I.C., and R. W. Sindall, F.C.S. 1 

Welding and Cutting of Metals by the Aid of Gases or 
Electricity. By Dr. L. A. Groth. 

General Foundry Practice. By William Roxburgh. 
Commercial Paints and Painting. By Arthur Seymour 
Jennings. 


V Write to Messrs. Constable & Co., Ltd., to. Orange Street ^ 
Leicester Square , for full particulars of any book , ' 



A Series of Technical Dictionaries in Six 

Languages. 

The D.=S. Series of Technical 
Dictionaries in Six Languages. 

English. Spanish. German. Russian. French. Italian. 

With each word* term* or item* so far as it is possible* a diagram# 
formula* or symbol is given, so that error or inaccuracy is 
almost impossible. 

Vol. I.— The Elements of Machinery and the Tools most frequently used 
in Working Metal and Wood. Price 5/- net, doth ; 7/6 ml, leather, 

Vol. II.— Electrical Engineering, including Telegraphy and Telephony. 
Price 25 /- net, cloth ; 30/- net leather. 

Vol. III.— Steam Boilers and Steam Engines. Price 16/- net, cloth; 201- 

net, leather . 

Vol. IV.— Internal Combustion Engines. Price S /- net , cloth ; 10 (6 net, leather, 

Vol, V.— Railway Construction and Operation. Price 12/- net, doth ; 16/ - 
net, leather. 

Vol. VI.— Railway Rolling Stock. Price 10/6 net, cloth; 14/- net, leather. 

Vol. VII.— Hoisting and Conveying Machinery, Price 10/6 net, cloth ; 14/. 
net . leather. 

Vol. VIII.— Reinforced Concrete In SHb- and Superstructure. Price 
6;- net , doth ; S/6 net, leather. 

Vol. IX. — Machine Tools (Metal Working ; Wood Working), Price gj- net , 
doth ; 12/6 net, leather. 

Vol. X, — Motor Vehicles (Motor Cars, Motor Boats, Motor Air Ships, Flying 
Machines). Price 12/- net, cloth ; 16/- net, leather. 

Vol. XI.— Metallurgy. Price 10/6 net, cloth ; 14/- net , leather. 

Ix Preparation Vol. XII.— Hydraulics. 

Vol. XIII.— Ironwork Construction. 

SOME PRESS OPINIONS: 

‘*\Ve heartily recommend the work to all who have occasion to read foreign 
articles on engineering.”— Mining Engineering. s 

ki The best book, or series of books, of its kind yet attempted.” — The Engineer. 
“These Dictionaries are the best of the kind yet attempted, and their 
arrangement and design leave nothing to be desired.” — Surveyor . 

“Anyone desiring a Technical Dictionary for a foreign language will find this 
the most comprehensive and explicit that has ever been issued.^ — Mechanical 
Engineer. 

Detailed Prospectus post free. 


* Write to Messrs. Constable Co., Ltd. } 10 , Orange Street 
Leicester Square, for full particulars of any book^ 


Internal Combustion Engines. 


Internal Combustion Engines 

The Internal Combustion Engine : Being a 
Text-Book on Gas, Oil, and Petrol Engines, for the 
use of Students and Engineers. 2nd Edition. Revised and 

Enlarged. 

By H. E. Wimperis, M.A., A.M.Inst.C.E., A.M.I.E.E. 

Illustrated. Dmy 8 vo. 6/6 net. 

A Primer of the Internal Combustion Engine. 

By H. E. Wimperis, M.A., A.M.Inst.C.E., etc. 2/6 net. 

The Design and Construction of Internal 

Combustion Engines I A Handbook for 
Designers and Builders of Gas and Oil Engines. 
By Hugo Giildner. Translated from the Second Revised 
Edition, with additions on American Engines, by 
H. Diederichs, Professor of Experimental Engineering, 
Cornell University. Imperial Svo. Illustrated. 42 /-net . 


The Construction and Working of Internal 
Combustion Engines. 

Being a Practical Manual for Gas EngIne Designers, 
Repairers and Users. By R. E. Mathot. Translated by 
W. A. Tookey. Medium Svo. With over 350 Illustrations. 24 j-net. 


The Diesel Engine for Land and Marine 

Purposes. 4 th Edition , revised and brought up to date. Illustrated. 


By A. P. Chalkley, B.Sc., A.M.Inst.C.E., A.I.E.E. 

Demy Svo . 8/6 net. 


Contents. — Introduction. General Theory of Heat Engines, with 

Special Reference to Diesel Engines. Action and Working of the 
Diesel Engine. Construction of the Diesel Engine. la” i. : ,; 1 

Running Diesel Engines. Testing Diesel Engines. i i ■ * 

for Marine Work. Construction of the Diesel Marine Engine. The 
Future of the Diesel Engine. Appendix. Index. 


\* Write to Messrs . Constable & Co., Ltd., 10, Orange Street , 
Leicester Square, for full particulars of any book . 
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Internal Combustion Engines — continued. 


tiigh Power Gas Engines. 

O O 

By H. Dubbel. Translated, edited and expanded to include 
British Engines and Practice, by F. Weinreb. 

197 — x:: pages. 436 Illustrations. 18/- net. 

Contexts : Author's Preface. Translator’s Preface. The Cycle of the 
Gas Engine. Output and Cylinder Dimensions. The Governing of the 
Four-Cycle Engines. Valve Gear of Four-Cycle Engines. The Two- 
Cycle Engine. Valve Gears. Ignition. The Cylinders. Valves and 
their Cooling. Pistons and their Cooling. Stuffing Boxes. General 
Design of Principal parts. Calculation of the Flywheel Weight. 
Starting. Piping. 

The Gas Turbine. By Norman Davey. 

248 4 - xiv. pages. 100 Illustrations. Demy Svo. 15/- net. 

Contents. — The Theory : General Considerations of the Gas Turbine 
as a Fleat Engine. The Constant Pressure, Single-Fluid Gas Turbine. 
Mixed-Fluid Turbines; Derived Types. The “Explosion” Gas 
Turbine. The Variation in Thermodynamic Constants and its Effect 
upon Efficiency. The Practice : Accessory Machinery, Practical 
Limitations. Summary of Efficiencies and Comparison of Types. 
The History of the Gas Turbine. The Progress in Experimental 
Work. The Future of the Gas Turbine. Appendix : List of Gas 
Turbine Patents, 1S56-1913. Index. 

The Gas Engine. 

By W. J. Marshall, A.M.I.M.E., and Captain H. Riall 
Sankey, late R.E., M.I.M.E., etc. 

Illustrated. Extra Crown Svo. 6/- net. 

Contents. — Theory of the Gas Engine. The Otto Cycle. The Two- 
Stroke Cycle. Water Cooling of Gas Engine Parts. Ignition. 
Operating Gas Engines. Arrangement of a Gas Engine Installation. 
The Testing of Gas Engines. Governing. Gas and Gas Producers. 

The Energy-Diagram for Gas. Byf. w. Burstaii, 

M.A., Chance Professor of Mechanical Engineering in the 
University of Birmingham. 

With Descriptive Text. 5/- net. The Diagram sold separately, 2/- net. 

American Gas-Engineering Practice. 

By M. Nisbet-Latta, Member American Gas Institute, 
M.Am.Soc.M.E. 

460 pages and 142 illustrations. Demy Saa. 18/- net. 

Gas Engine Design. 

By Charles Edward Lucke, Ph.D., Mechanical Engineering 
Department, Columbia University, New York City. 

Illustrated with numerous Designs. Demy Svo. 12/6 net. 

Gas Engine Construction. Secend Eiilion _ 

By Henry V. A. Parsell, Jr., M.A.I.E.E., and Arthur 
J. Weed, M.E. Illustrated. 304 pages. Demy Svo. 10/6 net. 

Write to Messrs. Constable & Co., Ltd., 10, Orange Street , 
Leicester Square , for full particulars of any book « 
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Gas and Gas Engines— continued. 


Gas, Gasoline, and Oil Engines, including 
Gas Producer Plants. 

By Gardner D. fliscox, M.E., Author of “ Mechanical 
Movements,” “ Compressed Air,” etc. 

Illustrated. Demy 8 vo. 10/6 net. Twenty-first Edition, largely rewritten and 
brought up to date. By Victor W. Page, M.E. 

Probably the most comprehensive book extant on the subject. 

British Progress in Gas Works Plant and 

Machinery. By C. E. Brackenbury, C.E., Author of 

“ Modern Methods of Saving Labour in Gas Works.” 

Illustrated. Super-Royal 8 vo. 6/- net. 

Town Gas and its Uses for the Production 
of Light, Heat, and Motive Power. 

By W. H. Y. Webber, C.E. 

With 71 Illustrations. Ex. Crown 8 i/0. 6/- net. 


Steam Engines, Boilers, etc. 

A Manual of the High-Speed Steam Engine. 

By H. Keay Pratt, A.M.I.Mech.E. 

About 250 pages. Illustrated. Demy 800. 5/- net. 

Contents : — I. History and General Remarks. II. Steam Cylinders 
and Adjuncts. III. Valves. IV. Pistons. V. Connecting-rods, 
Piston-rods, Crank-shafts, etc. VI. Baseplates, Flywheels, etc. 
VII. Governors. VIII. Cast-iron and other details. IX. Indicator- 
Cards and Effort Diagrams. X, Testing. XI. Foundations, Pipe 
Connections, etc. XII, Practical Notes on the Working of High-Speed 
Engines. XIII. A Description of Various Engines, Index, 

The Modern Steam Engine : Theory, Design, 

Construction, Use. By John Richardson, M.Inst.C.E. 

With 300 Illustrations. Demy ' 8 vo. 7 (6 net. 

This is a thoroughly practical text-book, but it will also commend itself 
to all who want to obtain a clear and comprehensive knowledge of the 
steam engine. 

The Una-flow Steam Engine. 

By J. Stumpf. Illustrated. 10 J 6 net. 

Boiler Explosions, Collapses, and Mishaps. 

By E. J. Rimmer, B.Sc., etc. Demy 8 vo. 4 j 6 net. 


*** Write to Messrs. Constable & Co. t Ltd., io, Orange Street , 
Leicester Square , for full particulars of any book. 


10 



Steam Engines, Boilers, etc.— continued. 

The Steam Engine and Turbine. 

By Robert C. H. Heck, M.E. Demy 8 vo. 

Test Methods for Steam Power Plants. Arclci- 

ence book for the use of Power Station Engineers, 
tendents, and Chemists. By E. H. Tenney, B.A., In* 

Ex. Crown 8vo. 85 Illustrations. 10 16 net. . ./ *|tn 

Contents : — Purchase and Testing of Coal. Inveshgati - , 
Economy of Combustion. Treating and Testing Water tot 
Purposes. Evaporating Tests. Testing Prime Movers, ios 
Lubricants. 

Engine Tests and Boiler Efficiencies. 

By J. Buchetti. Translated and Edited from the jt> 
Edition by Alexander Russell, M.I.E.E.. etc. 

Illustrated. Dm# too. io/Gw 

Boiler Draught. By H. Keay Pratt, A.M.I.M.E. 

Illustrated. Crown 8vo. 4/- net. 

Contents Draught. Calculations relating to Air. Chimneys. I 
struction. Artificial Draught. Forced Draught. Induced Dniugi < 
A Comparison. The Application of Mechanical Draught for MW* 
Installations. ' The Application of Mechanical Draught in Mtttww 
Practice. The Chemistry of Combustion. Index. 

Marine Double-ended Boilers, by John Gray. 

Illustrated. Crown 8vo. 3/6 net. 

List of Tables Thicknesses and Working Pressure of Front Tube iw 
at wide Water Space. Top End Plates ; Surfaces supported ill 
Inches. Combustion Chamber Plates ; Surfaces supported in 
Inches. Top End Plate Stays ; Surfaces supported in Square IlidiM. 
Combustion Chamber Stays. Surfaces supported in Square Inches- 
Areas and Circumference of Circles in Feet and Inches. Areas of Kivci# 
in Square Inches. Areas of Small Circles in Square Feet. KiMv* 
Sectional Area of Stays. Effective Sectional Area of Stay Tubes. Arei 
through Tubes in Square Inches and Square Feet. Grate Area of Fuittfttrf 
in Square Feet. Ideating Surface of Boiler Tubes in Square Feet. Dimm* 
sions of Back End of Furnaces. Rivet Spacing Table. Weight of Sled 
Plates in Pounds per Square Foot. Boiler Stay Nuts. Maximum 1 'itcki 
(Double Butt Snaps). Weight of Iron Tubes in Pounds per Foot Huh. 
Weight of Round Iron and Steel Bars per Foot Run. Miscellaneous I )&!«, 
Weight of Boiler (Formula). Weight of Water (Formula). Weight of 
Firebars. Weight of Coal. Miscellaneous We ; ghts. Nuts fur Boiler 
Tubes. Weight of Furnaces. 

Steam Boilers : Their History and Development. 

By H. H. Powles, M.I.M.E., etc. 

Illustrated. Imperial 8vo. 24/- net. 

Steam Pipes' : Their Design and Construction, s 

By W. H. Booth, Author of “ Liquid Fuel,’’ etc. 

Illustrated. Demy 8vo. 5/- net. 

Write to Messrs . Constable & Co., Ltd., 10, Orange Stmt , 
Leicester Square, for full particulars of any book , 
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Steam Engines, Boilers, etc.— continued. 


The New Steam Tables, Calculated from Professor 
Callendar’s Researches. 

By Professor C. A. M. Smith, M .Sc., and A. G. Warren, 
S.Sc. 4 /- net. 

Experimental Researches on the Flow of 
Steam through Nozzles and Orifices, 

to which is added a note on the Flow of Hot Water. 
By A. Rateau. Crown Svo. 4/6 net. 

Superheat, Superheating, and their Control. 

By W. H. Booth, F.G.S., M.Am.5oc.C.E. 

Illustrated. Demy Svo. 6/- net. 


Fuel and Smoke 

Oil Fuel Equipment for Locomotives. 

By Alfred H. Gibfoings, A.M.Inst.C.E. 

Demy Svo. Illustrations. Tables . 7/6 net. 

A complete treatise on the application of oil and the fittings 
required for locomotive work. 

An Introduction to the Study of Fuel. 

A text-book for those entering the Engineering, 
Chemical and Technical Industries. 

“ Outlines of Industrial Chemistry.” 

By F. J. Brislee, D.Sc. Illustrated. Demy Svo. 8/6 net. 
General Chemical Principles. Weight and Volume of Air required for 
Combustion. Analysis of Fuel and Flue Gases. Calorimetry and 
Determination of the Ideating Value of a Fuel. Measurement of 
High Temperatures. Pyrometqy. Calculations of Combustion 
Temperatures. Natural Solid Fuels. Artificial Solid Fuels. Gaseous 
Fuel. The Manufacture of Producer Gas and Water Gas. Theory of 
the Producer Gas and Water Gas Reactions. Explosion and the 
Explosion Engine. Air Supply and Measurement of Draught. Furnace 
Efficiency and Fuel Economy. Heat Balances, Furnace and Boiier 
Tests. Liquid Fuels. 

Liquid Fuel and its Apparatus. By wmiam h. 

Booth, F.G.S., M.Am.Soc.C, E.» Author of “Liquid Fuel 
and its Combustion,” etc. Demy Svo. Price S/6 net. 

Part L — Theory and Principles. 

Part II. — Practice. 

Part III. — Tables and Data. 

*** Write to Messrs. Constable & Co., Ltd., io, Orange Street^ 
Leicester Square , for full particulars of any book.* 
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Fuel and Smoke — continued . 


Liquid Fuel and its Combustion. 

By W. H. Booth, F.G.S., M. Am.Soc.C.E., Author of 
“ Water Softening and Treatment,” “ Steam Pipes : 
Their Design and Construction.” 

With about 120 Illustrations and Diagrams. Imp. 8 vo. 24/- net. 

Smoke Prevention and Fuel Economy. 

By W. tt. Booth, F.G.S., M.Am.Soc.C.E., and J. B. C. 
Kershaw, F.I.C. 

Illustrated . Third Edition , revised and enlarged. Demy 8 vo. 6/- net. 

Liquid and Gaseous Fuels, and the Part they play 
in Modern Power Production. 

By Professor Vivian B. Lewes, F.LC., F.C.S., Late 
Prof, of Chemistry, Royal Naval College, Greenwich. 
With 54 Illustrations. Ex. Crown 8 vo. 6/ - net. 

Fuel, Gas and Water Analysis for Steam Users. 

By J. B. C. Kershaw, F.I.C. Illustrated, Demy 8 vo. 8/- net. 

Coal. 

By James Tonge, M.I.M.E., F.G.S., etc. Lecturer on 
Mining at Victoria University, Manchester. With 46 
Illustrations. Ex. Crown 8 vo. 6/- net. 


Machinery, Power Plants, etc. 

Theory and Practice of Mechanics. 

By S. E. Slocum, B.E., Ph.D. Demy 8 uo. 442 + xlii pages . 
Illustrated with diagrams, etc. 15/- net. 

Dynamometers . 

By Rev. Frederick John Jervis «Smith, M.A., F.R.5. 
Edited and amplified by Charles Vernon Boys, F.R.S. 

xi8 Illustrations. Demy 8 vo. 14/- net. 

Contents : — Introduction. FricLion. PI ammeters. Friction Brakes. 

Water Brakes. Air Brake. Magnetic Brake Dynamometer. End Thrust 
Brakes. Historical. Transmission Dynamometers. Torsion Power- 
Measuring Machines. Torsion T ' r ■’ ichines by different 
Inventors. The Cradle Dynamoir . ■ Tests of Motor-Car 

Engines. Model Ship Dynamometer. Dynamometers used in Aeronautics. 

*** Write to Messrs. Constable &> Co., Ltd., io, Orange Street , 
Leicester Square , for full particulars of any book. 
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Machinery, Power Plants, etc. — continued. 


A Handbook of Testing. 

I. — Materials. 

By C. A. Smith, B.Sc., A.M.I.M.E., Assoc.M.I.E.E., 

Professor of Engineering in the University of Hong Kong, 
late of East London College, Author of “ Lectures on 
Suction Gas Plants,” etc. Demy 8vo. 61 -net. 

II. — Prime Movers. In preparation. 

Mechanical Movements, Powers, Devices and 

Appliances. By Gardner D. Hiscox, M.E., Author 

of “ Gas, Gasoline, and Oil Engines,” etc. 

Over 400 pages. 1646 Illustrations and Descriptive Text. Demy 8vo. 8/6 net. 

Mechanical Appliances. 

Supplementary Volume to Mechanical Movements. 

By Gardner D. Hiscox, M.E. 

400 pages. About 1,000 Illustrations. Demy 8vo. 8/6 net. 

Mechanical Technology. 

By G. F. Charnock, M.Inst.C.E., M.Inst.M.E. 

Demy 8vo. 650 pages. Illustrated. 7/6 net. 

This work, designed chiefly for engineering students, deals in a compre- 
hensive manner with the preparation and properties of the raw material, 
the production of castings by taking advantage of the property of 
fusibility, and the production of bars, plates, forgings, etc., by utilising 
the properties of malleability and ductility. It is perhaps the most com- 
plete manual on the subject in any language. 

Mechanical Engineer. — “This is a book for which there is a decided 

want amongst engineering students and - -,i '' . this excellent 

treatise leaves little for criticism but much , ” 

Mechanical World. — ■“ The author is to be congratulated upon the pro- 
duction of a work which is certain to be gratefully appreciated by a largo 
circle of young engineers, while those long past their ’prentice days will 
find much of interest and value in the book.” 

The Elements of Mechanics of Materials. 

A Text-Book for Students in Engineering Courses. 
ByC. E. Houghton, A.B., M.M.E. Illustrated. Demy 8vo. 7/6 net. 

Forging of Iron and Steel. 

A Text-Book for the use of Students in Colleges, 
Secondary Schools and the Workshop. 

By W. Allyn Richards. 

Demy 8vo. 337 Illustrations. Price 6/6 net. 

Contents. — Historic Use of Iron and Steel. Iron and Steel, Equip- 
ment. Fuel and Fires. Drawing Down and Upsetting. Bending 
and Twisting. Splitting, Punching and Riveting. The Uses of 
Blacksmiths’ Tools. Welding. Electric, Autogenous and Thermit 
Welding. Brazing. Tool Steel. High Speed Tool Steel. Art Iron- 
work. Steam and Power Hammers. Calculations. Appendix. Index. 

*** Write to Messrs . Constable & Co., Ltd., 10, Orange Street , 
Leicester Square , for full particulars of any book. 
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Machinery, Power Plants, etc.— continued. 


Water Softening and Treatment : Condensing 
Plant, Feed Pumps and Heaters for Steam Users 
and Manufacturers. By W. H. Booth, F.G.S., 
M.Am.Soc.C. E. Second Edition. With Tables and many Illustrations. 
Demy 8vo. 7/6 net. 

Cranes : Their Construction, Mechanical Equipment and 
Working. 

By Anton Bottcher. Translated and supplemented with 
descriptions of English, American and Continental Practice, 
by A. Tolhauseil, C.E. Illustrated. Crown 4/0. 42/- net. 

“ This is by far tlie finest general work on cranes thathas ever appeared. 
It is very voluminous and illustrated, and describes all existing types.”-** 
The Engineer. 

Engineering Workshops, Machines and 
Processes. 

By F. Zur Nedden. Translated by John A. Davenport. 
With an Introduction by Sir A. B. W. Kennedy, LL.D., 
F.R.5. Illustrated. Demy 8vo. 6j~net. 


Dies : Their Construction and Use for the Modern 


Working of Sheet Metals. By Joseph V. Woodworth. 

384 pages. Illustrated, Demy 8vo. 12/6 net. 

Modern American Machine Tools. 

By C. H. Benjamin, Professor of Mechanical Engineering, 
Case School of Applied Science, Cleveland, Ohio, U.S.A., 
Member of American Society of Mechanical Engineers. 
With 134 Illustrations . Demy 8vo. 18/- net. 


Precision Grinding. 

A Practical Book on the Use of Grinding Machinery 
for Machine Men. By H. Darbyshire. 

Pages viii -f 162. Illustrated. Demy %vo. 6J~ net. 


Shop Kinks : 


Fourth Edition. 


A Book for Engineers and Machinists Showing Special 
Ways of doing Better, Cheap and Rapid Work. 


By Robert Or inis haw. With 222 Illustrations. Demy 8vo . 10/6 net. 


Cams 3 and the Principles of their Construction. 

By George Jepson, Instructor in Mechanical Drawing in 
the Massachusetts Normal School. Demy 8vo. 8 /- net. 

*** Write to Messrs. Constable & Co., Ltd., 10, Orange Street , 
Leicester Square, for full particulars of any booh , 
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Machinery, Power Plants, etc. — continued. 


The Economic and Commercial Theory of 
Heat Power-Plants. 

By Robert H. Smith, A.M.Inst.C.E., M.I.E.E., 

etc. Prof. Em. of Engineering and Mem. Ord. Meiji. 
Numerous Diagrams. Royal Svo. 24/- net. 

Entropy : Or, Thermody namics from an Engineer’s 

Standpoint, and the Reversibility of Thermodynamics. 
By James Swinburne, M.Inst.C.E., M.I.E.E., etc. 

Illustrated with Diagrams, Crown Svo. 4/6 net. 

Compressed Air : Its Production, Uses 

and Applications. By Gardner D. Uiscox, Enlarged. 

M.E., Author of “ Mechanical Movements, Powers, Devices,” 
etc. 

665 pages. 540 Illustrations and 44 Air Tables. Demy 8 vo. 20/- net. 

Natural Sources of Power. 

By Robert S. Ball, B.Sc., A.M.Inst.C.E. 

With 104 Diagrams and Illustrations. Ex. Crown 8 vo. 6 j- net. 


Pumps 

Centrifugal Pumps. 

By Louis C. Loewenstein, E.E., Ph.D., and Clarence P. 
Crissey, M.E. 320 Illustrations, i8/~ net. 

Contents. — Theory of Centrifugal Pumps. Consumption of Power and 
Efficiency. The Calculation of Impeller and Guide Vanes. Design of 
Important Pump Parts. Types of Centrifugal Pumps. Testing of 
Centrifugal Pumps. 

Pumps and Pumping Engines : British Pro- 
gress in. 

By Philip R. Bjorling, Consulting Engineer, Author of 
“ Pumps and Pump Motors ; ” “ Pumps : their Construction 
and Management,” etc. 

Illustrated . Super-Royal Svo. 6 j- net. 


*** Write to Messrs. Constable &* Co., Ltd., 10, Orange Street , 
Leicester Square, for full particulars of any book. 



Iron, Steel, and other Metals. 


Iron, Steel, and other Metals 


An Introduction to the Study of Physical 

Metallurgy. By Walter Rosenhain, B.A., D.Sc., 
F.R.5., Superintendent, Metallurgy Department of the 
National Physical Laboratory. With 32 Plates and 131 Illus- 
trations in the Text. Demy 8 vo. 10/6 net. 


The Basic Open-Hearth Steel Process. 

By Carl Dichmann. Translated and Edited by Alleyne 
Reynolds. Second Impression . Demy 8 vo. Numerous Tables and 
For mules. 10/6 net. 

Iron and Steel. 


An Introductory Text-Book for Engineers and 
Metallurgists. “Outlines of Industrial Chemistry.” 

By O. F. Hudson, M.Sc., A.R.C.S., Lecturer on Metallo- 
graphy, Birmingham University, with a Section on 
Corrosion by Guy D« Bengough, M.A., D.5c., Lecturer in 
Metallurgy, Liverpool University; Investigator to the 
Corrosion Committee of the Institute of Metals. 

Demy 8 vo. 6 j- net. 


Forging of Iron and Steel, by w. Aiiyn Richards. 

Price 6/6 net. ( Sec p. 14.) 

Electro-Thermal Methods of Iron and Steel 


Construction. 

By J. B. C. Kershaw, F.I.C. With an Introduction by 
Dr. J. A. Fleming, F.R.S. 239 + xxiii pages. 50 T ables and 92 
Diagrams and Photographs. Demy 8 vo. 8/6 net, 

Malleable Cast Iron. 

By 5 . Jones Parsons, M.E. Illustrated. Demy 8 vo. 8/- net. 
Contents; — Melting. Moulding. Annealing. Cleaning and Straightening. 
Design. Patterns. Inspection and Testing. Supplementary Processes. 
Application. 

General Foundry Practice : Being a Treatise on 
General Iron Founding, Job Loam Practice, Moulding, 
and Casting of Finer Metals, Practical Metallurgy in 

the Foundry, etc. By William Roxburgh, M.R.S.A. 

With over 160 Figures and Illustrations. Extra Crown 8 vo, 6/- net. 


Write to Messrs . Constable & Co., Ltd., 10 , Orange Street, 
Leicester Square, for full particulars of any book. 
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Iron, Steel, and other Metals— continued. 

Hardening, Tempering, Annealing and 

Forging of Steel. A Treatise ON the Practical 
Treatment and Working of High and Low Grade 
Steel. By Joseph V- Woodworth. 

288 pages. With 201 Illustrations. Demy 8vo. io/~ net. 

Iron and Steel. By J. H. Stansbie, B.Sc. (Loiid.), F.I.C. 

With 86 Illustrations. Ex. Crown 8vo. 6/- net. 

The Practical Mechanic’s Handbook. 

By F. E. Smith. 4/6 net. (See p. 47.) 

Welding and Cutting of Metals by the aid of 
Gases or Electricity. 

By Dr. L. A. Groth. Extra Crown 8vo. Illustrated . 6/- net. 

The Precious Metals: Comprising Gold, Silver and 

Platinum. By Thomas K. Rose, D.Sc., of the Royal 
Mint. Illustrated. Ex. Crown 8vo. 6/- net. 


Motor Cars and Engines 

Text-Book of Motor Car Engineering. 

By A. Graham Clarke, A.M.l.M.E. 

Vol. I. Construction. Illustrated . DemySvo . 8/6 net. 

Contents: — The General Principles and Construction of the Petrol 
Engine. Details of Engine Construction. Petrol, E'uels other than 
Petrol. Carburetters and Carburation. Thermodynamics of the 
Petrol Engine. Horsepower. Mechanical (Thermal and Combustion 
Efficiencies). The Principles and Construction of Coil and Accumulator 
Ignition. Magneto Ignition. Engine Control Systems. Engine 
Cooling Systems. Crank Effort Diagrams. Clutches and Brakes. 
Change - Speed Gears. Transmission Gear. Steering Gears. 
Lubricants. Lubrication, Ball and Roller Bearings, Chassis 
Construction. General Principles of the Steam Car. Steam Engines 
and Condensers. Steam Generators and Pipe Diagrams. The Electric 
Car. Materials used in Motor Car Construction. Syllabus of City and 
Guilds of London Institute in Motor Car Engineering. Examination 
Papers. Physical Properties of Petrols. Mathematical Tables and 
Constants. 

Vol. II. Design, Illustrated. Demy 8vo. 7/6 net. In preparation. 

O’Gorman’s Motor Pocket Book. By Mervyn 

O’Gorman, etc. Limp Leather Binding. 7/6 wrt. 

Motor Vehicles and Motor Boats, 

See D.-S. Technical Dictionaries in Six Languages, p. 7. 


%* Write to Messrs. Constable & Co., Ltd., 10, Orange Street , 
Leicester Square, for full particulars of any book. 



Aeronautics. 


Aeronautics 

The Resistance of the Air and Aviation. 

Experiments conducted at the Champ-de-Mars hulnrat'Av. 
by Q. Eiffel. Se:or.i Ediiitn. luXsed and Erased. Trax-ixTb 
by Jerome C. Hunsaker, Assistant Naval Construct* r 
Lnited States Navy. Over 130 Wusiratfris .v:J l. ; j v 

42 - net. 

Dynamics of Mechanical Flight. 

j in 

Bv Sir George GreenhiU (late Professor of Mathematics in 
the R.M.A., Woolwich). Demy Sz-o. S/6 net. 

Aircraft in Warfare : The Da v;n of the fourth Arm. 

By F. W. Lanchester, M.Inst.C.E., MJnst.A.E., Member 
Advisory Committee for Aeronautics. With Introductory 
Preface by Maj.-Gen. Sir David Henderson, 

Director General of Military Aeronautics. 

Illustrated, Medium Suo. Pi i:e 12 6 :et. 

Contents Aircraft as Constituting a New or Fourth - Arm." Primary 
and Secondary Functions of the Aeronautical Arm. Aeroplane 
Airship or Dirigible — Speed Limitations. Aeroplane and Dirigible in 
Armed Conflict. Means of Attack and Defence. Strategic and Tactical 
Uses of the Aeronautical Arm. The Strategic Scout and its Daves. 
Directing Artillery Fire by Aircraft. Aircraft as Vulnerable to Gun-tire. 
Armour and Altitude as Means of Defence. Low Altitude Flying, The 
Aeroplane in a Combatant Capacity— Armour Plate. The Machine 
Gun in the Service of the Aeronautical Arm. The Fighting Type of 
Aeroplane and its Future. As Aftectirg the Cavalry Arm, The Prin- 
ciple of Concentration. The Value of Numerical Strength. The 
N -square Law. The Principle of Concentration — m ntiuueJ. The 

X -square Law in its Application. Applications of the X-squaie Law in 
Naval Warfare. British Naval Tactics in 1S05. Nelson's Tactical 
Scheme — The X- square Law at Trafalgar. Attack by Aeroplane on 
Aeroplane. The Flgkshg Mr rhT.o as a Separate Type. The Ouestion 
of Armament — :\:y i;«;?tr:c. Importance" of Rapid Fire- 
Machine Guns Multiple Mounted. Rapidity of Fire and its Measure 
Armour in its Relation to Armament. Importance of Upper Gage '* 
—Attack from Above. Armour and Shield Protection. Gun-fire 
Ballistics — The Energy Account. Expanding and Explosive Bullets. 
Theory of the Expanding Bullet. The Light-weight Shell. Miscel- 
laneous Weapons and Means of Offence. The Bomb and the Hand 
Grenade. Bomb Dropping, Difficulties of Aiming. Rockets. Air-borne 
Torpedoes, etc. Supremacy of the Gun against Aircraft. Aircraft in 
the Service of the Navy— Naval Reconnaissance. Mother-ship or 
Floating Base. Armament of the Naval Aeroplane— the Employment 
of Bombs. Torpedo Attack by Air. Aeroplane and Submarine- 
Attack bv Bomb. Aircraft in the Service of the Na xy—eouHnuci. The 
Naval Air-scout The Flying-Boat Type - The Double Float Type. 
The Ocean-going Floating 'Base or Pontoon-ship. The Command of 


■ Write to Messrs Constable & Co Ltd., io, Orange Street , 
x Leicester Square, for full particulars of any hook. 
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A eronautics— continued. 
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Aircraft in Warfare- -continued, 

the Air. Air Power as Aftecfcing Combined Tactics. Defeat in the Air 
an Irreparable Disaster. Employment of Aircraft in Large Bodies— 
Air Tactics. An Independent Combatant Air Fleet and its Duties. 
Tactical Importance of Altitude. Formation Flying— Airmanship and 
Signalling. The “V" Formation and its Value. Aircraft Bases at 
High Altitude. The Command of the Air and its Limitations. Bel- 
ligerent Aircraft and the Rights and Obligations of Neutrals. Other 
International Questions Relating to Aircraft. Aircraft in Neutral 
Territory. Present Day Position— The Fourth Arm in Peace Time. 
The Flight Ground Question-Depreciation and Obsolescence. British 
Ascendancy in the Air. Causes which have Contributed to British 
Ascendancy. The Advisory Committee for Aeronautics. The Royal 
Aircraft Factory. The Maintenance of British Supremacy. Govern- 
ment versus Private Manufacture. Continuity of Policy — A Scheme of 
Control. A Board of Aeronautics Advocated. Retrospect — The Scope 
and Limitations of the Work. Supplementary Notes on the N -square 
Law. Air Raids and the Value of Numbers. A Further Note on Air- 
craft and Submarine. The Strategic Employment of Aircraft on a 
Large Scale. Air Raids— Some Questions of National Defence. Power 
of Aggression as Affected by Radius of Action. The Extent of the 
Danger Zone. Air Raids as Affecting the Naval Outlook. Aeronautical 
and Naval Defence Indissolubly Associated. Future of Air Power: 
Essentially a National Question. Categorical Statement of Recom- 
mendations for F uture Policy. 

Aerial Flight. By F. W. Lanchester. Illustrated, 

Vol. I. — Aerodynamics. Demy 8vo. 21/- net . 

Vol. II. — Aerodonetics. Dmy 8vo. 21/- net. 

The Flying Machine from an Engineering 

Point of View, together with a Discussion 
concerning the Theory of Sustentation and Expendi- 
ture of Power in Flight. 

By K W. Lanchester, M.Inst.C.E. 

Illustrated . Demy 8vo . 4/6 net. 

Aeroplane Patents. 

By Robert M. Neilson, Wh.Ex., F.C.I.P.A., 

Chartered Patent Agent, etc. Demy Svo. 4/6 net. 

Stability and Equilibrium of Floating Bodies. 

By Bernard C. .Laws, B.Sc., A.R.C.Sc., A.M.Inst.C.E., 
M.I.N.A. 

250 4- ix pages. 130 Illustrations. Demy 8vo. 10/6 net. (See p. 21.) 

Aeroplanes. 

See D.-S. Technical Dictionaries in Six Languages, Vol. X., 

p. 7. 

*Y* Write to Messrs. Constable & Co., Ltd 10, Orange Street , 
Leicester Square, for full particulars of any book . 
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Marine Engineering. 

Marine Engineering 
Marine Engine Design, including the Design of 
Turning and Reversing Engines. 

By Edward M. Bragg 1 , S.B. Crown 8vo. 8/- net. 

•Stability and Equilibrium of Floating Bodies. 

By Bernard C. Laws, B.Sc., A.R.C.Sc., A.M.Inst.C.E., 
M.I.N.A. 

250 + tx pages. 130 Illustrations . Demy Svo. 10/6 net. 

Contents. — General Considerations. Ships. Amsler’s Integrator. Sub- 
marines. Floating Docks. Aircraft. Caissons. Index. 

Ship Form, Resistance, and Screw Propulsion. 

By G. S. Baker, M. Inst. Naval Architects. 

Medium Svo. Illustrated, 12 / 6 uet. 

’ Treated from the practical point of view for the use of naval 
•-v ? architects, engineers, and draughtsmen. 

Contents. — Nomenclature. Stream Line Motion. Skin Friction 
Resistance. Eddy-making. Waves and Wave-making. Ship Model 
Experiments, Dimensions and Form. Curve of Areas. Shape and 
V3R0 k Fineness of Ends, with Parallel Body. Position of Maximum Section, 
and Relative Length of Entrance and Run. Midship Section Area 

and Shape. Level Lines and Body Plan Sections. Racing and other 

High Speed Vessels. Appendages. Restricted Water Channels. 

* Screw Propeller Nomenclature and Geometry. Theories of the Screw 
Propeller. The Elements of Propulsion. Screw Propellers in Open 
* - Water. Propeller Blades. Hull Efficiency, Wake and Thrust Deduc- 
tion. Main Engines. Cavitation. Measured Mile Trials. 

Cold Storage, Heating and Ventilating on 
Board Shin By s y dne y F * Walker, r.n. 

UUcUU omp Extra Crown Svo. 8/- net. 

The problems of cold storage and heating and ventilating are treated 
exactly as they are presented to a naval architect and marine engineer. 
Directions are given for detecting the causes of various troubles and 
remedying them, and, what is more important, explicit instructions are 
given for operating various types of plants, so as to avoid breakdowns. 
Comparatively little has hitherto been published on the subject. 

The Elements of Graphic Statics and of 
General Graphic Methods. 

By W. L. Cathcart, M.Am.Soc.M.E., and J, Irvin 
Chaffee, A.M. 159 Diagrams. 12 f~ net. 

This book is designed for students of marine and mechanical engineering 
and naval architecture. It reviews the principles of graphics and their 
application both to frame structures and to mechanism. 

Marine Double-ended Boilers. 

By John Gray. Illustrated. Crown Svo. 3/6 net, (Seep. 11.) 

*** Write to Messrs . Constable & Co., Ltd., 10, Orange Street , 
Leicester Square , for full particulars of any book. 
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Marine Engineering — ccn'inued . 


Handbook for the Care and Operation of 
Naval Machinery. mMA ' 

Turbines Applied to Marine Propulsion. 

By Stanley J. Reed, A.M.Inst.C.E. Crown 4 to. Over ioo 
Illustrations and Diagrams. 16/- net. 

Contents. — General Properties of Steam — Two-Stage Raleau 
Turbine Nozzles. The General Design and Arrangement of 
Turbines. The Design and Construction of Parsons Turbine. The 
Design and Construction of Curtis Turbine. Combined or Mixed 
Turbines. Steam Thrust of Reaction Turbines. Superheated Steam. 
Cavitation. Relative Effect of Pligh Vacua with Turbines and 
Reciprocating Engines. Utilisation of Auxiliary Engine Exhaust in 
the Turbines. Astern Turbines. 

Turbines and Hydraulics 

Ship Form, Resistance, and Screw Propulsion. 

By G. S. Baker, M.Inst.Naval Architects. 

Medium 8 vo. Illustrated . 12/6 net. {See p. 21.) 

Treated from the practical point of view for the use of naval 
architects, engineers, and draughtsmen. 

Stability and Equilibrium of Floating Bodies. 

By Bernard C. Laws, B.Sc., A.R.C. 5 c., A.M.Inst.C.E., 
M.LN.A. 

250 + ix pages, 130 Illustrations. Demy 8vo. 10/6 net, (See p. 21.) 

Hydraulics and its Applications : A Text-book 

for Engineers and Students. By A. H. Gibson, 

D.Sc., M.Inst.C.E. 2nd edition, revised and enlarged. 

Demy 8vo. 15/- net. 

“ One of the most satisfactory text-books on Hydraulics extant. 7 ’ — 

Mechanical World. 

Hydraulics, Text-book of : Including an Outline 

of the Theory of Turbines. By L. M. Hoskins, 
Professor of Applied Mathematics in the Leland S tan f ord 
Junior University, 

Numerous Tables, Illustrated. Demy 8vo. 10/6 net. 

Water Hammer in Hydraulic Pipe Lines : 

Being a Theoretical and Experimental Investigation of the 
Rise or Fall of Pressure in a Pipe Line, caused by the 

GRADUAL OR SUDDEN CLOSING OR OPENING OF A VALVE \ WITH A 

Chapter on the Speed Regulation of Hydraulic Turbines. 

By A. H. Gibson, D. 5 c., M.Inst.C.E. 

Crown 8vo. 5/- net. 

*** Write to Messrs. Constable & Co., Ltd., 10, Orange Street , 
Leicester Square, for full part itulars of any bbol\ 



Turbines and Hydraulics— continued. 


Hydroelectric Developments and Engineering. 

A Practical and Theoretical Treatise on the Develop- 
ment, Design, Construction, Equipment and Operation 
of Hydroelectric Transmission Plants. 

By Frank Ktfester. 

• 2i /- net. 

Modern Turbine Practice and Water Power 

Plants, with Terms and Symbols used in Hydraulic 
Power Engineering. 

By John Wolf Thurso, Civil and Hydraulic Engineer. 

With many Diagrams and Illustrations. Royal 8 vo, 1 6/- net. 

Water Pipe' and Sewage Discharge Diagrams. 

/ By T. C. Ekin, M.Inst.C.E., M.I.M.E. (S«p. 3 x.) 


Mining 

Electric Mine Signalling Installations. A 

Practical Treatise on the Fitting-up and Maintenance 
of Electrical Signalling Apparatus in Mines. 

By Q. W, Lumniis Paterson, 

Crown Hvo. 140 Illustrations. 4/6 net. (Swp. 34.) 

Mining and Mine Ventilation : A Practical 
Handbook on the Physics and Chemistry of Mining 
and Mine Ventilation. 

By Joseph J. Walsh. 

Extra Crown S vo. Price 8/6 net. 

Contents Matter. Motion, Velocity and Force. Gravitation. 
Liquids and Liquid Pressure. Heat. Gases. The Barometer. 
Specific Heat. Mine Ventilation. Formulas. Mine Fires. 

Application of Electric Power to Mines 
and Heavy Industries. 

By W. H. Patchell, M.Inst.C.E., M.I.M.E., M.Am.I.E.E. 

Demy 8 vo. 10/6 net. 

Contents: — Electricity in Mines. Cables. Coal Cutters and Under- 
ground Details. Haulage Gears. Rating of . Haulages. Winding 
Engines. Types of Electric Winders. Ventilation and Air Com- 
pressing. Pumping. Rolling Mills. Machine Tools and Cranes. 
Electric Welding and Furnaces. 

Write to Messrs. Constable t&* Co Ltd., io, Orange Street, 
Leicester Square, for full particulars of any book. 
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Railway Engineering. 


Railway Engineering 

Railway Maintenance Engineering. 

With Notes on Construction. By William H. Sellew, 
A.S.M.E., Author of “ Steel Rails, their History, Properties, 
Strength and Manufacture,” Member of the American*- 
Railway Engineering Association. 

Contents. — Engineering. Land. Grading. Bridges, Trestles and 
Culverts. Ties. Raiis. Other Track Material. Ballast, Maintaining 
Track and Right of Way. Station and Roadway Buildings. Water 
Stations. Fuel Stations. Shops and Engine Blouses. Icing Stations. 
Signals and Interlockers. 

Oil Fuel Equipment for Locomotives. 

By Alfred H, Gibbings, A.M.lnst.C.E. 

Demy 8vo. Illustrations. Tables. 7/6 net . 

A complete treatise on the application of oil and the fittings 
required for locomotive work. 

Steel Rails. Their History, Properties, Strength and 

Manufacture. With Notes on the Principles of Rolling 
Stock and Track Design. By William H, S el lew. 

361 Illustrations, 33 Folding Plates, 576 pages. 52/- net. 

Contents. — Development of the Present Section. Pressure of the 
Wheel on the Rail. Supports of the Rail. Stresses in the Rail. 
Strength of the Rail. Influence of Detail of Manufacture. Rail 
Specifications. Appendix. 

Solution of Railroad Problems by the Slide 

Rule. By E. R. Cary, M.Am.S.C.E. 

I 45 pages. 43 Diagrams. 4/6 net. 

The Practical Railway Spiral: With short work- 
ing formulas and full tables of deflection angles. 
Complete notes of illustrative examples. 

By L. C. Jordan, B.S. 

164 pages. Illustrated. 6/- net. 

Single-Phase Electric Railways, by e. Austin. 

Over 290 pages. 3,16 Illustrations . 21/- net. ( See p. 34.) 

Reinforced Concrete Railway Structures. 

By J. D. W. Bali, A.M.lnst.C.E. Demy 8vo, 8 j-net. 

“ Glasgow Text-Books of Civil Engineering.” 

Contents.— Preliminary Considerations, Bending Stresses. Shear 
Stress. Floors and Buildings. Foundations and Rafts. Retaining 
Walls. Bridges. Arched Bridges. Sleepers, Fence Posts etc. 
Summary of Notation. 

*** Write to Messrs . Constable & Co Ltd., 10, Orange Street , 
Leicester Square , for f ull particulars of any book . 
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Railway Bngin eering— continued. 

The Design of Simple Steel Bridges. 

By P. 0 . G. Usborne, late R. E. 12 /6 net. 

Contents. — Definitions. Bending Moments. Moments of Fie urns 
Moments of Resistance. Shear Deflection. Solid Beams and 
Examples. Struts and Ties. Rivets and Joints. Rolling LoruK 
Bending Moments, Shear Stresses. Loads. Plate Girders! Mndge 
Floors. Railways, Roads. Principles of Bridge Design. Plate 1 1 irdrr*.. 
* Parallel Braced Girders. Braced Girders fa). Shop I Vac 1 Be ;uul 

General Details. 

Reinforced Concrete Bridges. 

By Frederick Ring's, M.S.A., M.C.i. (See p. 20.) 

Railway Signal Engineering (Mechanical). 

By Leonard P. Lewis, of the Caledonian Railway, Glasgow. 
“Glasgow Text-Books of Civil Engineering,” Illustrated . Demy Sm. net 
Contents. — Introduction. Board of Trade Rules. Classes and tints s of 
Signals. Constructional Details of Signals. Point Connections 
Interlocking Apparatus. Signal Box Arrangements. Miscellaneous 
Apparatus. Signalling Schemes. Interlocking Tables, Diagrams W 
Methods of Working Trains. Appendix. b ' Wa 

Railway Terms. Spanish- English, English- Spanish, 

Dictionary of. By Andre Garcia. 12 j 6 net. 

The Railway Locomotive : what it is, and Why 
it is What it is. 

By Vaughan Pendred, M.I.M.E., M.I. & S.Inst. 

Illustrated. Ex, Crown 8vo. 6/~ net. 

Railway Shop Up-to-Date. 

A reference book of American Railway Shop Practice, 

Compiled by the Editorial Staff of the “ Railway Master 
Mechanic.” 4*0. 12/6 net. 

The Field Engineer. 18th Edition , Revised and Enlarged. 

By William Findlay Shunk. Foolscap Svo. Leather. 10/C net. 

Reinforced Concrete and Cement 

A Treatise on Cement Specifications, including 

the General Use, Purchase, Storage, Inspection and Test 
Requirements of Portland, Natural, Puzzolan (slag), and 
Silica (sand) Cement, and Methods of Testing and Analysis 
of Portland Cement. 

By Jerome Cochran, B.S., C.E., M.C.E. Author of 
“ Inspection of Concrete Construction, 5 ’ etc. 

Demy Svo. ioo pages. 6 /~ net. 

Write to Messrs. Constable Co,, Ltd., io, Orange Street , 
Leicester Square, for full particulars of any book, 
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Reinforced Concrete and Cement— continued. 


Reinforced Concrete Railway Structures. 

By J. D. W. Ball, A.M.InstX.E. (See p. 24.) 

Reinforced Concrete Bridges. 

By Frederick Rings, Architect and Con- 

sulting Engineer. 

Over 300 Illustrations and Diagrams. Imp. 8 vo. 21/- net. * 

A Manual of Cement Testing. For the use of 

Engineers and Chemists in Colleges and in the Field. 

By W. A. Richards, B.S. inM.E., and H. B. North, D.Sc. 

I 3 7 + x pages. 54 Diagrams . Demy 8 vo. 6 j-net. 

Manual of Reinforced Concrete and Concrete 

Block Construction • Third Edition , Rewritten and 

Enlarged , with the addition of much useful information and many new Tables and 
Diagrams. 

By Charles F. Marsh, M.Inst.C.E., M.Am.Soc.E., 
M.I.M.E., and William Dunn, F.R.LB.A. 

Pocket size , limp Morocco , 290 pages , with 52 Tables of Data and 112 
Diagrams. Price 10/6 net. 

A Concise Treatise on Reinforced Concrete : 

A Companion to “ The Reinforced Concrete 
Manual.” 

By Charles F. Marsh, M.Inst.C.E., M.Am.Soc.E., 
M.I.M.E. Demy Bvo. Illustrated. yj 6 net. 

Properties and Design of Reinforced Concrete. 

Instructions, Authorised Methods of Calculation, Experimental 
Results and Reports by the French Government Commissions 
on Reinforced Concrete. 

By Nathaniel Martin, A.G.T.C., B.Sc., A.M.Inst.C,E. } 

Former Lecturer on Reinforced Concrete in the Royal 
West of Scotland Technical College. 8 /- net. 

Reinforced Concrete Compression Member 

Diapram * ^ Biagram giving the loading size and reinforce- 
O * ments for compression members according to the 

data and methods of. Calculation recommended in the Second Report 
of the Joint Committee on Reinforced Concrete and adopted in the 
Draft Regulations of the London County Council. 

By Charles F. Marsh, M.Inst.C.E., M.Am.Soc.E., 
M.I.M.E. 

hi Cloth Covers . Mounted on Linen , 5/- net. Unmounted , 3/6 net. 

Cement, Concrete, and Bricks. By a. b. Searie. 

Demy 8 vo . Illustrated . 8/6 net. (See p. 46.) 

*** Write to Messrs. Constable & Co., Ltd., 10, Orange Street , 
Leicester Square f for full particulars of any book , 
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Reinforced Concrete and Cement— continued. 


Cement and Concrete. Secon l?d l ZZwt S!i 

By^ Louis Carlton Sabin, B.S., Assistant Engineer, 
Engineer Department, U.S. Army; Memberof the American 
Society of Civil Engineers. Large Demy Svo . 21/- net. 


Civil Engineering, Building 
Construction, etc. 

Civil Engineers’ Pocket Book. A Reference-Book 
for Engineers, Contractors and Students, containing 
Rules, Data Methods, Formulas and Tables. 

By A. I. Frye, S.B., M.Am.S.C.E. 21 j- net. 

A Treatise on Cement Specifications. 

By Jerome Cochran, B.S., C.E., M.C.E. (Seep. 25.) 

The Principles of the Application of Power 
to Road Transport. 

By H. E. Wimperis, A.M.Inst.C.E., A.M.LE.E.’ Illustrated. 
Croivn Svo, 4/6 net. 

The Design of Simple Steel Bridges. 

By P. 0. Q. Usborne, late R. E. (See p. 25.) 

The Elements of Structural Design. Medium Svo . 

By Horace R. Thayer. 

Vol. I.— Elements. 6/~ net. 

Vol. II.— Design. 500 pages. iG/~ net. 

Discusses the design of simple structures such as beams, girders, 

viaducts, trusses, buildings, stand pipes, and elevated tanks. 

Reinforced Concrete Railway Structures. 

By J. D. W. Ball, A.M.Inst.C.E. C See p. 24.) 

The Elastic Arch : With Special Reference to the 
Reinforced Concrete Arch. 

By Burton R. Leffler, Engineer of Bridges, Lake Shore 
and Michigan Southern Railway. Diagrams and Tables. Ciotm 
Svo. 4 /- net. 

*** Write to Messrs. Constable 6- Co., Ltd ., 10, Orange Street , 

Le 'cester Square , for full particulars of any book. 
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Civil Engineering, etc. — continued. 


Practical Design of Steel-Framed Sheets. 

By Albert S. Spencer. 

Illustrated. Royal 8 vo. 10/6 net. 

Contents The Resistance of Steel-Framed Sheds to Wind Forces. 
The Standardisation of Shed Members and Foundations. Sheeted 
Sheds. Standard Sections for Sheds with Open Sides and Gables,, 
Sheeted Roofs. Standardising of Shed Members and Foundations for 
Sheds having Slated Roofs and Brick-panelled Walls. Standard 
Sections for Sheds with Open Sides and Gables. Slated Roofs. 
Standard Stresses and Sections for Roof Principals. External Cover- 
ings. Gutters, Pipes, Ventilation, Doors, Windows, and Skylights. 

A Study of the Circular-Arc Bow-Girder. 

Bv A. H. Gibson, D.Sc., A.M.Inst.C.E., M.I.Mech.E., 
and E. G. Ritchie, B.Sc. 

Illustrated. 8/6 net. 

Masonry Applied to Civil Engineering. 

By R Noel Taylor. 

Illustrated. Demy 8vo. 6/- net. 

Contents : — Stones used in Constructional Work. General Remarks 
upon Masonry. Retaining Walls and Earth Pressures. Dock, River, 
Canal, and Sea Walls. Masonry Dams. Masonry Bridges and 
Arches. Masonry Towers, etc. Monolithic and Block Concrete Con- 
struction. Shoring and Under-pinning. Index. 

Foundations and Machinery Fixing. 

By Francis H. Davies, A.M.I.E.E. 2/- net. 

Contents. — The Functions of Foundations, Nature of Soils and Piling. 
Trial Bores. Design of Foundations. Design. The Proportions of 
Foundations for Engines, Turbines and Dynamo. Electric Machinery. 
Materials for Foundations. Holding Down Bolts and Anchor Plates. 
Excavation. Construction of Foundations. Vibration : Its Causes and 
Effects. Vibration. Methods of Isolating Machinery. The Fixing 
of Electric Motors, 

Graphical Determination of Earth Slopes, 
Retaining Walls and Dams. 

By Charles Prelini, C.E., Author of “ Tunnelling.” 

Demy 8vo. 8/- net. 

Tunnel Shields and the Use of Compressed 
Air in Subaqueous Works. second Edition. 

By William Charles Copperthwaite, M.Inst.C.E. 

With 260 Illustrations and Diagrams. Crown 4 to. 31/6 net . 

Rainfall, Reservoirs and Water Supply, 

By Sir Alexander Binnie, M.Inst.C.E., etc. 8/6 net. (Se e 

P* 30.) . 

*** Write to Messrs. Constable & Co,, Ltd., 10 , Orange Street , 
Leicester Square , for full particulars of any booh. 
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Civil Engineering, etc. -continued. 


Modern Tunnel Practice. 

By David McNeely Stauffer, M.Ain.S.C.E., 

With 138 Illustrations. Demy 8vo. 21 j- net. 

Timber. 


M.Inst.C.E. 


By J. E. Baterden, Assoc.M.Inst.C.E. 

Illustrated. Ex. Crown 8vo. a/- net . 

Pricing of Quantities. 

Showing a Practical System of Preparing an Estimate 
from Bills of Quantities. By George Stephenson, 
^ Author of “ Repairs,” “ Quantities,” etc. Ex. Cr. s w. 3/6 net . 

Building in London. By Horace Cubitt, A.R.LB.A., etc. 

A Treatise on the Law and Practice affecting the Erection and Main- 
tenance of Buildings in the Metropolis, with Special Chapters dealing 
respectively with the Cost of Building Work in and around London by 
H. J. Leaning, F.S.I., and the Valuation and Management of London 
Property by Sydney A. Smith, F.S.I. : also the Statutes, Bye-laws and 
Regulations applying in London ; cross-references throughout. 

Illustrated , with Diagrams . Royal 8vo. 31/6 net. 

Theory and Practice of Designing. 

With numerous Illustrations. 

By Henry Adams, M.Inst.C.E., M.I.M.E. 6/- net. 

“ This is one of the best elementary books on the design of girders, 
roofs, and similar structures, with which we are acquainted. The subject 
is one with -which the author is thoroughly au fait . . . . The work 
throughout is simple and practical ; only the simplest mathematics are used, 
and this is amplified by numerous worked out examples. The arrangement 
is progressive and permits those with comparatively little knowledge of 
the subject to follow it by easy stages. . . . We recommend it heartily, 
alike as a text-book or a handy work of reference.” — Mechanical Engineer . 


Surveying, etc. 

Adjustment of Observations by the mtiL 

Method of Least Squares : With Application to 
Geodetic Work. 


By Professor Thomas Wallace Wright, M.A., C.E., 

and John Fillmore Hayford, C.E., Chief of the Com- 
puting Staff U.S. Coast and Geodetic Survey, 

With Tables. Demy 8vo. 12/6 net. 

Surveying and Field Work. 

By J.‘ Williamson, A.M.Inst.C.E. 

Demy 8 vo. 7/6 net. 

Contents Surveying. Fundamental Principles. Chain Surveying. 
Instruments — Chain Surveyiing. Field Operations — Chain Surveying 
Running a Survey Line— Chain Surveying. Arrangeme nt of Survey . 

*** Write to Messrs . Constable S* Co., Ltd., 10, Orange Street , 
Leicester Square, for full particulars of any book . 
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Surveying, etc. — continued. 


Surveying and Field Work — continued. 

Lines — Chain Surveying. Errors — Chain Surveying. Special 
Problems. Plotting the Plan. Compass and Sextant Surveying. The 
Theodolite. Traverse Surveying with the Theodolite. Plotting a 
Traverse Survey by Angle and Distance. Plotting Traverse Survey by 
Co-ordinate or Latitude and Departure Method. Triangulation. 
Some Survey, Traverse, and Triangulation Problems. Levelling. 
Errors in Levelling. Sections, Contours, &c. Setting out Curves, &c. 
Calculation of Areas Calculation of Earthwork Quantities— -Adjust- 
ment of Instruments. Appendix. Geometric and Trigonometric 
Formula:. Index. 

Practical Surveying : For Surveyors’ Assistants and 
Students. By Ernest McCullough, C. E., Member of the 
American Society of Civil Engineers. 

Extra Cr. 8 vo. 229 Illustrations. Price S/6 net. 

Contents.— Introductory. Chain Surveying. Levelling. Compass 
Surveying. Trigonometry. Transit Surveying, Surveying Law and 
Practice. Engineering Surveying. Appendix. The Essentials of 
Algebra. 

Municipal Engineering 

Water Purification and Sewage Disposal. 

By Dr. J. Tillmans, Director of the Chemical Department 
of the Municipal Institute of Hygiene, Frankfort-on-Maine. 
Translated by Hugh S. Taylor, M.Sc. Illustrated. 144 4- xv 
pages. Demy 8vo. 7/6 net . 

Sewage Disposal Works : Design, Construction 
and Maintenance. 

Being a Practical Guide to Modern Methods of Sewage 
Purification. 

By Hugh P. Raikes, M.Inst.C.E. Demy Svo. 16/- net. 

Rainfall, Reservoirs and Water Supply. 

By Sir Alexander Binnie. 8/6 net. (The Chadwick Lihrary ) 
Contents.— Rainfall. Average. Fluctuations. Probable Average. 
Flow from the Ground. Intensity of Floods. Evaporation. Quantity 
and Rate per Head. Quality, Plardness, etc. Impurities. Filtration’. 
Sources of Supply. Gravitation versus Pumping. Rivers and Pumping 
Works. Drainage Areas. Deductions from Rainfall. Compensation. 
Capacity of Reservoirs. Sites of Reservoirs. Puddle Trenches. Concrete 
Trenches. Base of Embankment. Reservoir Embankments. Puddle 
Wall. Formation of Embankment. Masonry Dams. Reservoir Oullets. 
Pipes through Embankment. Culvert under Embankment. Flow through 
Culverts. Valve Pit. Central Stopping. Tunnel Outlets. Syphon 
Outlets. Flood or Bye- channel. Waste Watercourse and Waste Weir. 
Aqueducts. Conduits. Pipes. Service Reservoir, Distribution. Valves. 
Meters. House Fittings. Index. 

AT Write to Messrs. Constable Co Ltd 10, Orange Street , 
Leicester Square, for full particulars of any book. 
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M unicipal Engineering— continued. 


Refuse Disposal and Power Production. 

By W. F. Goodrich. Illustrated. DemySvo. i6j~ net. 

Small Dust Destructors for Institutional and 
Trade Refuse. By w. f. Goodrich. Illustrated. Demy 

St w. 4/- net. 

British Progress in Municipal Engineering. 

By William H. Maxwell, A.M.Inst.C.E. 

Illustrated. Super-Royal 8 vo. 6/- net . 

Water Pipe and Sewage Discharge Diagrams. 

By T. C. Ekin, M.Inst.C.E., M.I.Mech.E. Folio. 6j- net. 

These diagrams and tables with accompanying descriptive letterpress and 
examples are based on Kutter's formula with a coefficient of roughness 
of 0*013 and give the discharges in cubic feet per minute of every inch 
diameter of pipe from 3 to 48 inches when running full on inclinations 
from 1 to 15 per 1000. 

Modern Sanitary Engineering. Part I. House 

Drainage. “ Glasgow Text- Books of Civil Engineering.” 

By Gilbert Thomson, M.A., MJnst.C.E. DemySvo. 6/- net. 
Introductory. The Site and Surroundings of the House. The General 
Principles of Drainage Design. Materials for Drains. The Size of 
Drains. The Gradient of Drains. Drain Flushing Traps : Their 
Principle and Efficacy. Traps : Their Number and Position. " Dis- 
connections.” Intercepting Traps and Chambers. Inspection Openings 
and Manholes. Soil, Waste, and Connecting Pipes. Water Closets. 
Flushing Cisterns and Pipes. Urinals. Baths. Lavatory Basins. 
Sinks, Tubs, etc. Trap Ventilation. Designing a System of Drainage. 
Buildings of Special Class. Test and Testing. Sanitary Inspections. 
Sewage Disposal for Isolated Houses, Index, 

The Encyclopaedia of Municipal and 
Sanitary Engineering. 

Edited by W. H. Maxwell, A.M.Inst.C.E. (Seep. 5.) 


Irrigation and Water Supply 

Water Purification and Sewage Disposal. 

By Dr. J. Tillmans. (See p. 30,) 

Rainfall, Reservoirs and Water Supply. 

By Sir Alexander Binnie, M.Inst.C.E. Deny s vo. Illustrated. 
S/6 net. {See p. 30.) 


Write to Messrs. Constable & Co., Ltd., 10, Orange Street , 
Leicester Square , for full particulars of any book. 



Irrigation and Water Supply— continued. 


Irrigation : Its Principles and Practice as a Branch of 
Engineering. 

By Sir Hanbury Brown, K.C.M.G., M.Inst.C.E. 

Second Edition. Illustrated. Demy 8 vo. 1 6/- net. 

Contents: — Irrigation and its Effects. Basin Irrigation. Perennial 
Irrigation and Water “Duty.” Sources of Supply. Dams and 
Reservoirs. Means of Drawing on the Supply. Methods of Construction. 
Means of Distribution. Masonry Works on Irrigation Canals. 
Methods of Distribution of Water. Assessment of Rates and 
Administration. Flood Banks and River Training. Agricultural 
Operations and Reclamation Works. Navigation. Appendices I., II., 
III. Index. 

Irrigation Works. 

The “Vernon Harcourt” Lectures of 1910. 

By Sir Hanbury Brown, K.C.M.G., M.Inst.C.E. 

Demy 8 vo, stiff paper cover, if- net. 

The Practical Design of Irrigation Works. 

By W. G. Bligh, M.Inst.C.E. Second Edition. 

Enlarged and rewritten , with over 240 Illustrations , Diagrams and Tables, 
Imp. 8 vo. 26/- net . 

Contents : — Retaining Walls. Dams (Section). Weirs (Section). 
Piers, Arches, Abutments and Floors. Hydraulic Formulas. Canal 
Head Works — Part I. Submerged Diversion Weirs ; Part II. Under- 
sluices ; Part III. Canal Head Regulators. Canal Falls. Canal 
Regulation Bridges and Escape Heads. Canal Cross-Drainage Works. 
Design of Channels. Reservoirs and Tanks. Screw Gear for Tank 
Sluices and Roller Gates. Appendix. 

Notes on Irrigation Works. 

By N. F. Mackenzie, Hon. M.A., Oxon. ; M.Inst.C.E. ; 

lately Under-Secretary for Irrigation to the Government of 
India. Demy 8 vo. 7/6 net. 


Telegraphy and Telephony 

Telegraph Engineering. 

By E. Hausmann, E.E., Sc.D. 

Demy Svo. 192 Illustrations. 12/6 net. 

For practising telegraph engineers and engineering students, 
It presents in a logical manner the subject of modern land 
and submarine telegraphy from an engineering viewpoint. 


Write to Messrs. Constable & Co., Ltd., 10, Orange Street , 
Leicester Square , for full particulars of any booh, 
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Telegraphy and Telephony— continued. 


The Propagation of Electric Currents in 
Telephone and Telegraph Conductors. 

By J. A. Fleming, M.A., D.Sc., F.R.S., Pender Professor 
of Electrical Engineering in the University of London. 

Preface. Mathematical Introduction. The Propagation of Electro- 
Magnetic Waves Along Wires. The Propagation of Simple Periodic 
Electric Currents in Telephone Cables. Telephony and Telegraphic 
Cables. The Propagation of Currents in Submarine Cables. The 
Transmission of High-Frequency and Very Low-Frequency Currents 
Along Wires. Electrical Measurements and Determination of the 
Constants of Cables. Cable Calculations and Comparison of Theory 
with Experiment. Loaded Cables in Practice. 

Second Edition . Dmy 8vo . 8/6 net. 

Toll Telephone Practice. 

By J. B. Theiss, B.S., LL.B., and Guy A. Joy, B.E. 

With an Introductory Chapter. By Frank F. Fowle, 

S.B. Illustrated. 14/- net. 

Contents. — Rural Telephone Equipment. Toll Cut-in Stations. Toll 
Positions at a Local Switchboard. Toll Switching Systems. Small 
Toll Switchboards. Multiple-Drop Toll Switchboards. Multiple- Lamp 
Toll Switchboards. Toll Connections to Local Automatic Systems. 
Supervisory Equipment and Toll Chief Operator’s Desk. Toll Wire 
Chief’s Desk. Simplex Systems. Composite Systems. Phantom 
Lines. Test and Morse Boards. Small Test Panels. Line Con- 
struction. Electrical Reactions in Telephone lanes. Cross Talk and 
Inductive Disturbances. Methods of Testing. Toll Line Maintenance. 
The Telephone Repeater. 

Radio-Telegraphy, by c. c. f. Monckton, m.i.e.e. 

With 173 Diagrams and Illustrations. Ex. Crown 8vo. 6/- net. 

Maxwell’s Theory and Wireless Telegraphy. 

Part I. — Maxwell’s Theory and Hertzian Oscillations, by 
H. Poincar6; translated by F. K. Vreeland. Part II. — 
The Principles of Wireless Telegraphy, by F. K. Vreeland. 

Diagrams . Demy 8vo. 10/6 net. 

The Telegraphic Transmission of Photo- 
graphs. By T. Thorne Baker, F.C.S., F.R.P.S., A.I.E.E. 

With 66 Illustrations and Diagrams. Crown 8vo. 2/6 net. 

Public Ownership of Telephones. 

By A- N. Holcombe, 8/6 net. 

“We commend this book to the notice of all interested in the study of 

telephone development and administration.” — Electricity. 


*** Write to Messrs . Constable & Co., Ltd., 10 , Orange Street , 
Leicester Square, for full partioulars of any book. 
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Electrical Engineering. 


Electrical Engineering 
Single-Phase Electric Railways. 

By E. Austin. 

Over 290 pages. 346 Illustrations. 21/- net. 

Contents : — The Single-Phase System. The London, Brighton and 
South Coast Railway. The Midland Railway. The Midi Railway. • 
The Blankenese-Hamburg-Ohlsdorf Railway. The Dessau-Bitterfeld 
Railway. The Murnau-Oberammergau Railway. The Mittenwald 
Railway. The St Polten-Mariazell Railway. The Martigny-Orsieres 
Railway. The Valle-Maggia Railway, The Rhsetian Railway. The 
Lotschberg-Simplon Railway. The Rotterdam-Sclieveningen Railway. 
The Thamshavn-Lokken Railway. The Rjukan Railway. The 
Swedish State Railways. The Parma Single- Phase Tramways. The 
New York, New Haven, and Hartford Railway. The New York, 
Westchester, and Boston Railway. The Spokane and Inland Empire 
Railway. The Rock Island and Southern Railway. The Hoosac 
Tunnel Railway. The St. Clair Tunnel Railway. 

Overhead Transmission Lines and Distributing 

Circuits : Their Design and Construction. 

By F. Kapper, Translated by P. R. Fi iedlaender, M.I.E.E. 

Crown 4 to. Illustrated , 16 /- net. 

A very thorough and much needed treatise dealing exhaustively with 
this important subject. 

Contents: — Conductor Materials. Sag and Tension of the Line. 
Design of the dr:; Sh uctures. Stability of Poles and Masts. 

The Forces on :ri. ]' ■ : „ ■ Piece. Fixing the Poles in the Ground. 

Concrete and Cement Foundation Work. Pole Construction. Over- 
head Line Insulators. Attachment of the Insulators to their Pins. 
Attachment of the Wire to the Insulators. Joints and Branch Connec- 
tions on the "Wire. Arrangement of the Wires. Earthing. Crossing 
over Postal Wires, Railways, and Roads. Erection of Poles and 
Masts. Erecting the Wire. Rules and Hints for the Design and 
Erection of Overhead Lines. Instruments for Surveying and Laying 
out the Route of a Line. Surveying the Route of a Transmission 
Line. The Most Economical Length of Span. Comparison of the 
various Supporting Structures with Reference to the Minimum Annual 
Charges. Local Overhead Distributing Systems. Agreements with 
Contractors. Tools and Appliances. Regulations dealing with the 
Erection and Operation of Overhead Lines. 

Electric Mine Signalling Installations. A 
Practical Treatise on the Fitting-up and Mainten- 
ance of Electrical Signalling Apparatus in Mines. 

By G. W. Lummis Paterson. 

Cv. Suo. i.jo Illustrations. 4/6 net. 

Contents. — Ringing Keys and Tappers. Electric Mining Bells, Signal 
Alarms and Relays. Electric Mining Indicators or Annunciators. 
Electric Generators for Mine Signal Installations Primary Batteries 
for Signal Installations. Electric Mining Shaft Signals. Electric 
Shaft Signal Wiring. Electric Engine Plane Signals. Electric Engine 
Plane Signal Wiring. Appendix. f 

Write to Messrs . Constable & Co., Ltd., 10, Orange Street , 
Leicester Square , for full particulars of any book , 
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Electrical Engineering— -continued. 


Application of Electric Power to Mines and 
Heavy Industries. 

By W. H. Patchell, M.Inst.C.E., M.Am.I.E.E. 

Demy 8vo. 10/6 net. ( See p. 23.) 

'Transmission Line Formulas: For Electrical 

Engineers and Engineering Students. 

By ELB. Dwig-ht, A.M. Am.I.E.E. 

i*i 3 pages. 28 Diagrams. 8/6 net. 

Electric Cooking, Heating, Cleaning, Etc. 

Being a Manual of Electricity in the Service of the 
Home. 

By “ Housewife ” (Maud Lancaster). Edited by E. W. 
Lancaster, A. M.Inst.C.E., M.Inst.E.E. 

Illustrated. 338 4 * % pages. Demy Sag. 3/6 net. 

Electric Mechanism. Part i. 

SINGLE-PHASE COMMUTATOR MOTORS. 

By P. Creedy, A.C.G.I., A.M.I.E.E., Assoc.Am.I.E.E. 

Demy Svo. 7I6 net. 

Switches and Switchgear. 

By R. Edler. Translated, Edited and Adapted to English 
and American Practice by Ph. Laubach, A.M.I.E.E. 

Illustrated . Demy 8va. 15/- net. 

Contents.-— General Remarks on the Design of Switchgear. Connecting 
Leads — Cable Sockets— Connections — Copper Bars — Contact Blocks 

Bolts. Contact Springs and Brushes— Carbon Contacts— Devices to 

Eliminate Sparking at the Main Contacts. Switches and Change-over 
Switches for Low Pressure and Medium Pressure. High Pressure 
Switches. Fuses. Self-Acting Switches (Automatic Switches). 
Starting and Regulating Resistances— Controllers. 

High and Low Tension Switchgear Design. 

° By A. G. Collis, A.M.I.E.E. - 

Demy Svo. 218 + xiv pages. 94 Illustrations. 10/0 net. 

Solenoids, Electromagnets and Electro- 
magnetic Windings. 

By Charles Underhill, A.M.A. I.E.E. 

346 pages. Cloth. 218 Illustrations. Demy 8 vo: 8/- net . 

:! V :: Write to Messrs. Constable & Co Ltd., 10, Orange Street , 
Leicester Square , for full particulars of any book. 
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Electrical Engineering— continued. 


Electrical Engineer’s Pocket Book. “ foster.” 

A Handbook of Useful Data for Electricians and 
Electrical Engineers. 

By Horatio A. Foster, M.A.I.E.E., M.A.S.M.E* 

With the Collaboration of Eminent Specialists. 

Fifth Edition , completely Revised and Enlarged. Pocket size. Leather hound . m 
With thumb index. Over 1,600 pages. Illustrated. 21/- net. 

The Propagation of Electric Currents in 
Telephone and Telegraph Conductors. 

By J. A. Fleming, M.A., D.Sc., F.R.5. (Seep. 33.) 

The Electrical Conductivity and Ionization 
Constants of Organic Compounds. 

By Heyward Scudder, B.A., B.S., M.D. 

Royal 8vo, 56S pages. 12/- net. 

The Design of Static Transformers. 

By H. M. Hobart, B.Sc., M.Inst.C.E. 

Demy 8vo. Over 100 Figures and Illustrations. 6 /- net. 

Electricity : A Text-book of Applied Elec- 
tricity. By H. M. Hobart, B.Sc., M.Inst.C.E. 

With 43 Tables and 115 Illustrations. - Demy 8vo. 208 -J- xix pages, 6/- net. 

Heavy Electrical Engineering. 

By H. M. Hobart, B.Sc., M.InstX.E. 

Illustrated with Diagrams , etc. Demy 8vo. 16 j- net. 

Electric Railway Engineering. 

By H. F. Parshall, M.Inst.C.E., etc., and H. M. Hobart, 

B.Sc., M.Inst.C.E. 476 pages and nearly 600 Diagrams and Tables . 
Imp. 8vo. 42/- net. 

American Electric Central Station Distri- 
bution Systems. 

By Harry Barnes Gear, A.M.A.I.E.E., and Paul Francis 
Williams, A.M.A.I.E.E. 

'Illustrated. Demy 8vo. 12 /- net. 

*** Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any booh. 
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Electrical Engineering— continued. 

Electric Railways : Theoretically and Prac- 
tically Treated. 

* Illustrated with Numerous Diagrams. Demy Svo, Price 10/6 net each volume. 

Sold separately. 

By Sidney W- Ashe, B.S., Department of Electrical 

* Engineering, Polytechnic Institute of Brooklyn, and 
J. D. Kelley, Assistant Electrical Engineer, N.Y.C. and 
H.R.R.R. 

Vol. [. — Rolling Stock. 

Vol. II.—: Engineering Preliminaries and Direct-Current Sun- 
Stations. 

Electric Lamps. 

By Maurice Solomon, A.M.I.E.E, 6/- net. 

Hydroelectric Developments and Engineering. 

A Practical and Theoretical Treatise on the Develop- 
ment, Design, Construction, Equipment and Operation 
of Hydroelectric Transmission Plants. 

By Frank Koester, Author of “ Steam - Electric Power 
Plants.” 479 pages. 500 Illustrations. 45 Talks. Imperial Svo. 
21/- net. 

Steam-Electric Power Plants. 

A Practical Treatise on the Design of Central Light 
and Power Stations and their Economical Con- 
struction and Operation. 

By Frank Koester. 474 pages. Illustrated . Cr. 4I0. 21 1~ net. 

Electric Power and Traction. 

By F. H. Davies, A.M.I.E.E. 

With 66 Illustrations. Ex, Crown Svo. 6 /- net. 

Industrial Electrical Measuring Instruments. 

By Kenelrn Edgcumbe, A.M.Inst.C.E., M.I.E.E. 

240 pages. 126 Illustrations, Demy Svo. 8/- net. 

Laboratory and Factory Tests in Electrical 
Engineering. 

By George F. 5 ever and Fitzhugh Townsend. 

Second Edition. Thoroughly revised. 282 pages. Demy Svo. 10/G net. 

The Theory of Electric Cables and Net- 
works. By Alexander Russell, M.A., D.Sc. 

Illustrated , Demy Svo. 8/- net. 

Testing Electrical Machinery. 

By J. H. Morecroft and F. W. Ilehre. 61 -net. 

Write to Messrs. Constable &> Co., Ltd,, 10, Orange Street , 
Leicester Square , for full particulars qf any book 
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Electrical Engineering — continued 


Continuous Current Engineering. 

By Alfred Hay, D.Sc., M.I.E.E. Second Edition. 

About 330 pages. Illustrated. Demy Svo. 5/- net. 

A new and revised edition of this popular text-book. 

Direct and Alternating Current Testing. 

By Frederick Bedell, Ph.D,, Professor of Applied Electricity, 
Cornell University. Assisted by Clarence A. Pierce, Ph. D. 

Enlarged and Revised Edition. Demy 8 vo. Illustrated. 8/- net. 

"It will be found useful by teachers, students, and electrical engineers 

in general practice .” — Electrical Engineer. 

Internal Wiring of Buildings. 

By H. M. Leaf, etc. 2nd Edition. Crown 8vo. 3/6 net. 

Searchlights : Their Theory, Construction 
and Application. 

By F. Werz. Translated from the German by Charles 
Rodgers. Illustrated. Royal Svo. 7/6 net. 

Electric Wiremen’s Manuals. (see P . 3 j 

Electro-Chemistry, etc. 

Experimental Electro-Chemistry. 

By M. Monroe Hopkins, Ph.D., Assistant Professor of 
Chemistry in The George Washington University, 
Washington, D.C. 

With 130 Illustrations . Demy Svo. 12/- net. 

Electro-Metallurgy. 

By J. B. C. Kershaw, F.l.C. 

With 61 Illustrations. Ex. Crown Svo. 6/- net. 

Electric Furnaces. By j. wrig-ht. 

New 2nd Edition, Revised and Enlarged. With 67 Illustrations. Demy 800.8/6 net. 

Contents : —Introductory and General. Efficiency of the Electric 
Furnace. Arc Furnaces. Resistance Furnaces. Carbide Furnaces. 
Smelting and Ore Reduction in the Electric Furnace. Dis- 
tillation of Metals. Electrolytic Furnaces. Laboratory Furnaces 
and Dental Muffles. Tube Furnaces. Glass Manufacture in the Electric 
Furnace. Electrodes and Terminal Connections. Furnace Thermometry. 


Lighting 

Electric Lamps. 

By Maurice Solomon, A.C.G.I., A.M.I.E.E. 

Illustrated. Ex. Crown Svo. 6/- net. 

*** Write to Messrs. Constable S* Co., Ltd., 10, Orange Street, 
Leicester Square , for full particulars of any book- 
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L igh t / tig — co j it i micd. 


The Art of Illumination. 

By Louis Bell, Ph.D., M.A.I.E.E. 

Illustrated. 345 pages. Demy 8 vo, 10/6 net. 

Town Gas and its Uses for the Production 
of Light, Heat, and Motive Power. 

By W. H. Y. Webber, C.E. 

With 71 Illustrations. Ex. Crown S vo. 6 [- net. 


Thermodynamics 

Entropy ; Or, Thermodynamics from an Engineer’s 

Standpoint, and the Reversibility of Thermodynamics. 

By James Swinburne, M.Inst.C.E., M.I.E.E., etc. 

Illustrated with Diagrams. Crown 8 vo. 4/6 net. 

Applied Thermodynamics for Engineers. 

By William D. Ennis, M.E., M. Am. Soc.M.E., Professor 
of Mechanical Engineering in the Polytechnic Institute of 
Brooklyn. With 316 Illustrations. Royal 8 vo. 21/- net. 

Technical Thermodynamics. 

By Dr. Gustav Zeuner. First English Edition. From 
the fifth complete and revised edition of ‘‘Grundztige der 
Mechanischen Warmetheorie.” 

Vol. I. — Fundamental Laws of Thermodynamics ; Theory of Gases. 
Vol. II. — The Theory of Vapours. 

Authorised translation by J. F. Klein, D.E., Professor of 
Mechanical Engineering, Lehigh University. 

Illustrated. 2 volumes. Demy 8 vo. 36/- net. 

A Text-Book of Thermodynamics (with special 

reference to Chemistry). 

By J. R. Partington, M.Sc., of the University of Manchester. 
544 -j- x pages. 91 Diagrams. Demy 8 vo . 14/- net. 

Experimental and Theoretical Applications 
of Thermodynamics to Chemistry. 

By Professor Walter Nernst, University of Berlin. 

Ex. Crown Svo. 5/- net. 

Principles of Thermodynamics. 

By g. a. Goodenoug-h, M.E. Second Edition , Revised. Price 14 /-- net. 


*** Write to Messrs. Constable & Co., Ltd., 10, Orange Street^ 
Leicester Square, for full particulars of any book. 
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Physics and Chemistry. 

Physics and Chemistry 
Some Fundamental Problems of Chemistry, 
Old and New. 

By E. A. Letts, D.Sc., Professor of Chemistry in the Queen’s 
University, Belfast. Demy 8 vo. 223 -{- xiii pages. 44 Illustrations. 
yj6 net. 

The Silicates in Chemistry and Commerce. 

By Drs. W. and D. Asch. Translated with critical notes 
and some additions by A. B. Searle. 

400 + xx pages. Royal Bvo. 21/- net. 

Contents: — The Chemistry of Carbon and Silicon. Historical Review 
of Existing Theories concerning the Constitution of the Alumino- 
silicates and other Silicates, Critical Examination of Existing Theories 
concerning Alumino-silicates. A Hypothesis concerning the Bonding 
of the Atoms in Alumino-silicates and Allied Compounds. The Con- 
sequences of the “ Hexite-Pentite Theory,” and the Facts: (I.) The 
Reactions during Double Decomposition ; (XI.) The Genetic Relation- 
ship between the various Alumino-silicates ; (III.) The Possibility of a 
Chemical System of Alumino-silicates; (IV.) The VariableChemical 
Behaviour of part of the Aluminium in Kaolin, Nepheline, and in the 
Epidotes ; (V.) The Minimum Molecular Weight ot Alumino-silicates ; 
(VI.) The Constitution of Andesite ; (VII.) The Possibility of 
Isomerism ; (VIII.) Water of Crystallisation and of Constitution : 
Basic and Acid Water; (IX.) Prognoses; (X.) The Constitution of the 
Complexes of Molybdenum and Tungsten ; (XL) The Constitution of 
Clays; (XII.) Ultramarines; (XIII.) A New Theory of Hydraulic 
Binding Materials and particularly of Portland Cements ; (XIV,) A 
New Theory of the Porcelain Cements as used for Dental Fillings ; 
(XV.) A New Theory of Glass, Glazes, and Porcelain ; (XVI.) The 
Hexite-Pentite Theory as a General Theory of Chemical Compounds. 
The Conversion of the PI.P. Theory into a Stereo-chemical Theory and 
the combination of the latter with the modern theory of the Structure 
of Crystals. Summary and Conclusions. Bibliography of references 
mentioned in Text. Appendix. Formulae and Analyses, Bibliography 
of references in Appendix. 

Industrial Chemistry : A Manual for the Student and 

Manufacturer. Second Edition , Revised and Enlarged. 

Edited by Allen Rogers, in charge of Industrial Chemistry, 
Pratt Institute, Brooklyn, N.Y. ; and Alfred B. Aubert, 
formerly Professor of Chemistry in the University of Maine, 
in collaboration with many experts, containing 340 Illus- 
trations, Royal 8vo. 24 /- net. 

Contents : — General Processes. Materials of Construction. Water for 
Industrial Purposes. Fluids. Producer Gas. Power Transmission, 
Boilers, Engines and Motors. Sulphuric Acid. Nitric Acid. Salt 
and Hydrochloric Acid. Commercial Chemicals. Chlorine and Allied 
Products. Electrochemical Industries. Lime, Cement and Plaster. 
Clay, Bricks and Pottery. Glass. Dutch Process White Lead. 
Sublimed White Lead. Pigments, Oils and Paints. The Metallurgy 

*** Write to Messrs . Constable & Co., Ltd., 10, Orange Street , 
Leicester Square , for full particulars of cmy book , 
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industrial Chemistry-- - continued . 

of Iron and Steel. Fertilizers. Illuminating Gas. Coal Tar and its 
Distillation Products. The Petroleum Industry. The Destructive 
Distillation of Wood. Oils, Fats and Waxes. Lubricating Oils. 
Soaps, Glycerine and Candles. Laundering. Essential Oils, Synthetic 
Perfumes, and Flavouring Materials. Resins, Oleo-Resins, Gum- 
Resins and Gums. Varnish. Sugar. Starch, Glucose, Dextrin and 
Gluten. Brewing and 11 r, \ 11 : ' V T! Making. Distilled Liquors. 
Textiles. Dyestuffs and ’■ ^ ■ The Art of Paper Making. 

Explosives. Leather. Vegetable Tanning Materials. Glue and 
Gelatine. Casein. 

The Application of Physico-Chemical 
Theory to Technical Processes and 
Manufacturing Methods. 

By Dr. R. Kremann. Translated by H. E. Potts, M.Sc. 

Demy 8 vo, 8/6 net. ( See p. 48.) 

An Introduction to the Study ot Physical 

Metallurgy. By Walter Rosenhain, B.A., D.Sc., 

RR.S. 350 + xvifioges. 140 Illustrations. Demy Svo. 10/6 net, 
Contents : — The Structure and Constitution of Metals and Alloys. The 
Microscopic Examination of Metals. The Metallurgical Microscope. 
The Micro-Structure of Pure Metals and of Alloys. The Thermal Study 
of Alloys. The Constitutional Diagram and the Physical Properties of 
Alloys. Typical Alloy Systems. The Iron -Carbon System. The 
Properties of Metals as Related to their Structure and Constitution. The 
Mechanical Testing ol Metals. The Mechanical Testing of Metals [contd.). 
The Effect of Strain on the Structure of Metals. The Thermal Treatment 
of Metals. The Mechanical Treatment of Metals, including Casting. 
Defects and Failures in Metals and Alloys. 

The Chemistry and Technology of Printing 
Inks. 

By Norman Underwood and Thomas V. Sullivan. 

Medium Svo. 12/6 net. 

Problems in Physical Chemistry. With Practical 
Applications. 

By E. B. R. Prideaux, M.A., D.Sc., with a Preface by 
F. Q. Donnan, M.A., Ph.D., F.R.S. 7/6 net. 

Chemical Theory and Calculations : An 
Elementary Text-book. 

By Forsyth J. Wilson, D.Sc. (Edin.), Ph.D. (Leipzig*), 
and Isodor M. Heilbron, Ph.D. (Leipzig), F.I.C., 
A.R.T.C. 2/6 net. 

*** Write to Messrs . Constable &> Co., Ltd., io, Orange Street, 
Leicester Square, for full particulars of am book. 
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Electric Arc Phenomena. 

By E, Rasch. Translated by K. Tornberg, 

Demy 8 vo. 52 Illustrations . 8/6 net, 

Contents : — General Outline of Electric Arc Phenomena. Typical Carton 
Arc. Electrode Materials and their Physical Properties. Theory of 
Electric Discharges through Gases. Spark Discharges, Empiiical Results. 
Voltage and Current Conditions in the Arc Distiibution of Energy in 
the Arc. Efficiency of Commercial Types of Arc. 

Theory of Measurements. 

By James S. Stevens, Professor of Physics in the Univer- 
sity of Maine. Ex, O . S vo. 6/- net. 

A manual for students in physijs designed for use either as a text book or as 
a laboratory guide. 

Chemical Calculations. 

By R. Harman Ashley, Ph.D. Ex. Croivn 8vo. 8/6 net. 
Contents : — Ratios. Approximate Numbers. Interpolation. Ileat. 
Specific Gravity. Gas Calculations. Calculation of Atomic Weights and 
Formulas. Gravimetric Analysis. Volumetric Analysis. Use of Specific 
Gravity Tables and Acid Calculations. 

Atoms. By Jean Perrin. Translated by D. LI. Hammick. 

Demy 8 vo. 16 Illustrations. 5/- net. 

Contents : — Chemistry and the Atomic Theory. Molecular Agitation. 
The Brownian Movement — Emulsions. The Laws of the Brownian Move- 
ment. Fluctuations. Light and Quanta. The Atom of Electricity. The 
Genesis and Destruction of Atoms. Index. 

The Universe and the Atom. 

The Ether Constitution, Creation and Structure of Atoms, 
Gravitation, and Electricity, Kinetically Explained. 

By Marion Erwin, C.E. Demy Svo. Illustrated. 8/6 net. 
Contents. — P art I., First Principles. Part II.. The Pan Cycle 
Hypothesis : Invisible Composition Light Waves, the Warp and Woof 
of the Ether Structure and of All Things Material. 

Radio-Activity and Geology. 

By John Joly, M.A., Sc.D., F.R.S., Professor of Geology 
and Mineralogy in the University of Dublin. 

Crown 8vo. 7/6 net. 

The Corpuscular Theory of Matter. 

By Sir J. J. Thomson, M.A., F.R.S., D.Sc., LL.D., Ph.D., 

Professor of Experimental Physics, Cambridge, and Pro- 
fessor of Natural Philosophy at the Royal Institution, 
London. Demy 8vo. 7/6 net. 

Electricity and Matter. 

By Sir J. J. Thomson, M.A., F.R.S., D.Sc., LL.D., Ph.D. 

Crown 8 vo. 5/- net. 


*** Write to Messrs. Constable & Co ., Ltd., 10, Orange Street , 
Leicester Square , for full particulars of any book. 
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The Discharge of Electricity through Gases. 

By Sir J. J. Thomson, M.A., F.R.S., D.Sc., LL.D., Ph.D. 

Crown 8vo. 4/6 net. 

The Electrical Nature of Matter and Radio- 
activity. 

By fi. C. Jones, Professor of Physical Chemistry in the 
Johns Hopkins University. 

Second Edition . Revised and largely rewritten. Demy 8vo. 8/- net. 

The Theory of Ionization of Gases by 

Collision. 

By John S. Townsend, M.A., F.R.S., Wykeham Pro- 
fessor of Physics in the University of Oxford. 

Crown 8i/o. 3/6 net, 

Radio-Active Transformations. 

By Ernest Rutherford, F.R. 5 ., Professor of Physics at 
the McGill University, Montreal, Canada. 

Illustrated. Demy 8 vo. i6/~ net. 

Principles of Microscopy. 

Being an Introduction to Work with the Microscope. 

By Sir A. E. Wright, M.D., F.R.S., D,Sc., Dublin, 
(Honoris Causa), F.R.C.S.L (Mon,)* 

With many Illustrations and Coloured Plates. Super Royal Svo. 21/- net. 

Experimental and Theoretical Applications 

of Thermodynamics to Chemistry. 

By Professor Walter Nernst, University of Berlin. 

Ex. Crown Svo. 5/- net. 

Vapours for Heat Engines. 

By William D. Ennis, M.E., M.Am.Soc.M.E., Professor 
of Mechanical Engineering in the Polytechnic Institute 
of Brooklyn, Author of “Applied Thermodynamics for 
Engineers," etc. 

With 21 Tables and 17 Illustrations, Demy 8vo. 6 1 - net. 

The Hydrogenation of Oils. Catalyzers and Cata- 
lysis and the Generation of Hydrogen. 

By Carleton Ellis, S.B. 

340 H- x panes. 145 Illustrations. Royal Svo. 16/- net. 

%* Write to Messrs. Constable & Co., Ltd 10, Orange Street , 
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A Text-Book of Physics. 

By H. E. Hurst, B.A., B.Sc., Hertford College, Oxford, 
late Demonstrator in Physics in the University Museum, 
Oxford, and R. T. Lattey, M.A., Royal Naval College, 
Dartmouth, late Demonstrator in Physics in the 
University Museum, Oxford. 

Illustrations and Diagrams. Demy 81 <o. 8/6 net. 

Now published also in three volumes, at the request of many 
teachers. Each part is sold separately. 

Part I. — Dynamics and Heat. 3/6 net. 

Part II. — Light and Sound. 3/6 net. 

Part III. — Magnetism and Electricity. 4 /~ net. 

Introduction to the Chemistry and Physics 
of Building Materials. 

By Alan E. Munby, M.A. (Cantab.). Extra Crown 8 vo. 6/™ net. 

Exercises in Physical Chemistry. 

By Dr. W. A. Roth, Professor of Chemistry in the 
University of Greifswald. Authorised Translation by 
A. T. Cameron, M.A., B.Sc„, of the University of 
Manitoba, Illustrated. Demy 8 vo. 6 /- net. 

The Chemistry of Paints and Paint Vehicles. 

By C. H. Hall, B,S. Crown 8 vo. 8 j- net , 

Liquid Air and the Liquefaction of Gases. 

By T. O'Conor Sloane, M.A., M.E., Ph.D. 

Illustrated. Demy 8 vo. 10/6 net . 

Chemical Re-agents : Their Purity and Tests. 

A New and Improved Text, Based on and Replacing 
the Latest Edition of Krauch’s Manual. 

By E. Merck. Translated by H. Schenck, 250 pages. Demy 
8 vo. 6 /~ net. 

Van Nostrand’s Chemical Annual. 

A Handbook of Useful Data for Analytical, Manu- 
facturing, and Investigating Chemists, and Chemical 
Students. 

Edited by John C. Olsen, M.A., Ph.D., Professor of 
Analytical Chemistry, Polytechnic Institute, Brooklyn ; 
with the co-operation of Eminent Chemists. Nearly 100 Tables . 
Crown 8 vo. 12/6 net. 


* :|c * Write to Messrs. Constable & Co., Ltd., 10, Orange Street , 
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Text-Book of Elementary Chemistry. 

By F. Mollwo Perkin, Ph.D., F.I.C., F.C.S., and 
' Eleanor M. Jaggers. 

Illustrated. Crown Svo. $/--net. 

Contents: — Examination of Water. Metric System. Distillation. 
Thermometers. Freezing Points. Boiling Points. Melting Points. 
The Atmosphere. Chemical Properties of the Atmosphere. Chemical 
Properties of Water. Elydrogen and Oxygen. Quantitative Examina- 
tion of Chalk. Carbon and its Oxides and Compounds with Hydrogen. 
Flame and Combustion. Compounds of Nitrogen. Elydrochloric 
Acid and the Blalogens. Sulphur and its Compounds. Phosphorus 
and Phosphorus Compounds. The Metals. Appendix. Index. 

Practical Methods of Inorganic Chemistry. 

By F. Mollwo Perkin, Ph.D, 

Illustrated . Crown 8 vo. 2/6 net. 

Contemporary Chemistry. 

By E. E. Fournier D’Albe, B.Sc., A.R.C.S., M.R.I.A., 

Author of “ The Electron Theory,” etc. 4/- net . 

A New Era in Chefnistry : Some of jthe more 
important developments in general chemistry during 
the last quarter of a century. 

By Harry C. Jones. 

326 -h xii pages. Ex. Crown 8 no. 8/6 net. 

The Identification of Organic Compounds. 

By G. B. Neave, M.A., D.Sc., and I. M. Heilbron, Ph.D., 
F.I.C., etc. Crown Svo. 4/- net. 

Detection of Common Food Adulterants. 

By Prof. E. M. Bruce. Crown 8 vo. sl-net. 

A handbook for health officers, food inspectors, chemistry teachers and 
students. 

The Chemistry of Dyeing and Bleaching of 
Vegetable Fibrous Materials. 

By Julius Hiibner, M.Sc.Tech., F.I.C, 

Demy Svo. Illustrated . i^-ned. 

Contents The Vegetable Fibres. Water. Chemicals and Mordants. 
Bleaching. Mercerising. Mineral Colours. The Natural Colouring 
Matters. Basic Cotton Dyestuffs. Substantive Cotton Dyestuffs. 
Sulphur Dyestuffs. Acid and Resorcine Dyestuffs. Insoluble Azo- 
Colours, produced on the fibre. The Vat Dyestuffs. Mordant Dye- 
stuffs. Colours produced on the fibre by Oxidation. Dyfcing 
Machinery. Estimation of the Value of Dyestuffs. Appendix. Index. 


Write to Messrs . Constable & Co., Ltd., io, Orange Street , 
Leicester Square , for full particulars of any book. 
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Chemistry of the Oil Industries. 

By J. E. Southcombe, M . 5 c., Lecturer on Oils and Fats, 
Royal Salford Technical Institute, etc. 7/6 net. ( See p. 48.) 

The Chemistry of the Coal Tar Dyes. 

By Irving W, Fay, Ph.D. (Berlin). 

Demy 8vo. 470 pages. 1 6/- net. 

The Chemistry of the Rubber Industry. 

By Harold E. Potts, M.Sc. Member International Rubber 
Testing Committee. Demy 8vo. Illustrated. 5/- net. Second 
Impression. 

Contents: — The Colloidal State. Raw Rubber. Gutta-Percha and 
Balata. Mixing. Vulcanisation, History. Vulcanised Rubber. 

The Colloidal and Crystalloidal State of 
Matter. 

By H. E. Potts, M.Sc., and W. J. Breitland. Translated 
from the German of Professor P. Rohland. 

Illustrated. Crown 8vo. 4/- net. 

The Nitrocellulose Industry. 

By Edward Chauncey Warden, Ph.C., M.A., F.C.S. 

2 vols. 1,240 pages . 324 Illustrations. Sm. 4/0. 42/- net. 

A compendium of the history, chemistry, manufacture, commercial 
application and analysis of nitrates, acetates and Xanthates of cellulose as 
applied to the peaceful arts, with a chapter on gun cotton, smokeless 
powder and explosive cellulose nitrates. 

Materials for Permanent Painting. 

By M. Toch, F.C.S. 

Frontispiece in Colour and other Illustrations. Crown 8vo. 7/6 net. 

A manual for manufacturers, art dealers, artists and collectors, 
explaining the composition of the materials used in painting. 

Cement, Concrete, and Bricks, The 
Chemistry of. by a. b. Searle, 

Demy 8vo. Illustrated. 10/6 net. 

Contents The Raw Materials for Cements. Methods of Cement Manu- 
facture. The Chemical and Physical Changes in Cements. The Changes* 
which occur in Setting 1 TT * Testing the Properties of Cements. 
The Components of 1 : Properties. The Preparation of 

Concrete. Reinforced Concrete. Special Properties of Concrete. Testing 
• Concrete. The Raw Materials for Bricks. Methods of Brickmaking. 
The Chemical and other Changes in Drying and Burning Bricks. The 
Properties of Bricks. Siliceous Bricks. Basic and Neutral Bricks. Index. 

*** Write to Messrs. Constable &• Co., Ltd., io, Orange Street, 
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Mathematics 

The Theory of Proportion. 

By M. J. M. Hill, M.A., LL.D., Sc.D., F.R.S. 

Demy Sz/o. 10S -[- xii pages. 15 Figures. 5/- net. 

Contents Magnitudes of the same Kind. Propositions relating to 
Magnitudes and their Multiples. The Relations between Multiples of the 
same Magnitude. Commensurable Magnitudes. Magnitudes ox the same 
Kind which are not Multiples of the same Mngnitude. Incommensurable 
Magnitudes. Extension of the Idea of Number. On the Ratios of Magni- 
tudes which have no Common Measure. Properties of Equal Ratios. 
First Group of Propositions. Second Group of Propositions. Third Group 
of Propositions — Geometrical Applications of Stolz’s Theorem. Further 
Remarks on Irrational Numbers. The Existence of the Fourth Proportional. 
Commentary on the Fifth Took of Euclid’s Elements. 

The Calculus and its Applications. A Practical 
Treatise for Beginners, especially Engineering 
Students. With over 400 examples, many of them 
fully worked out. 

By Robert Gordon Blaine, M.E., A.M.Inst.C.E., 

Formerly Lecturer at the City Guilds’ Technical College. 
Author of “Lessons in Practical Mechanics,” “The Slide 
Rule,” etc. Crown 8vo. 4 J6net. 

Integration by Trigonometric and Imaginary 

Substitution, by Charles 0. Gunther, with an 
Introduction by J. Burkett Webb, C.E. Dewy Svo. 3/- net. 

Mathematics for the Practical Man. 

By George Howe, M.E. 

Crown %vo. 5/- net. 

A short work explaining all the elements of Algebra, Geometry, 
Trigonometry, Logarithms, Co-ordinate Geometry, and Calculus. 

Quaternions, as the Result of Algebraic 

Operations. 

By Arthur Latham Baker, Ph.D. 

Ex. Crown 8vo. 6/~ net. 

.The Practical Mechanic’s Handbook. 

By F. E. Smith. 4/6 net. 

Contents : — Arithmetic. Arithmetical Signs and Characters and 
Explanation of Solving Formula. Mensuration. How the Dimensions, 
Measurements, and Weight of Different Shaped Vessels are Found. 
The Primary or Simple Machines. Strength of Materials and Questions 
Relating to Stress. 

Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book , 
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Manufacture and Industries 

Purchasing : Its Economic Aspects and Proper 
Methods. 

By H. B. Twyford, of the Otis Elevator Company. 

1 12 Charts , Diagrams and. Forms. Large Demy 8 vo, 252 />/>. J 2 K ) Jir ^ 9 

The subject is treated as only an experienced buyer could treat it, and it 
deals with purchases in practically all lines of business. The author quotes 
an experienced business man as saying that ‘‘successful foundation for new 
enterprises, the growth of established undertakings, and their accretion to 
their resources is in a large measure dependent on the importance attached 
to, and the careful thought given to, the expenditure of all money for capital 
purposes, production, and supplies.” To set forth at least the general prin- 
ciples of this successful purchasing is the task which the author has set 
himself. 


Applications of Physico-Chemical Theory t.o 
Technical ' Processes and Manufacturing 
Methods. 


By Dr. R. Kremann. Translated into English and edited 
by H. E. Potts, M.Sc. Demy Sm 8/6 net. 

Contents:— The Two Fundamental Laws of the Mechanical Theory 
of Heat. Reaction-Velocity and Catalytes. Other Special Appli- 
cations of the Law of Mass Action. The Influence of 'Temperature 
on the Equilibrium-Constant. Dissociation Pressure. Application 
of the Phase Rule. The Application of the Phase Rule to Solid-Liquid 
Systems. Transformation Phenomena in Hydraulic blinding Agents 
Other Applications of the Phase Rule. The Distribution Law 
Adsorption Compounds. Reciprocal Pairs of Salts. 


Chemistry of the Oil Industries, 

By J. E. Southcombe, M.Sc., Lecturer on Oils and Fats 
Royal Salford Technical Institute, etc. 7 /c net. ’ 

“Outlines of Industrial Chemistry.” 

Contents Preface. Introductory Organic Chemistry. Mineral Oils 
Petroleum and Shale. Mineral Oil Refining, Natural Sources and 


w wn ueuumg, natural 

Methods of Preparation of the Saponifiable Oils and Fats 
occurring in Crude Oils and Fats and the Technical' 
Removing them. Composition and Properties of the 9 — 
and Fats in General. Composition and Properties , 

Oils and Fats of Commercial Importance. The Natu ■ 
Composition and Properties. Analytical Methods. T“ 
hons of Fats and Oils. Burning Oils. Edible 
Jroiymerised, Boiled and Blown Oils. Turkey-Red •; 
of Fats and Oils on a Technical Scale. The ' 

Acids. . Oleines and Stearines. Candle Manufac ■*. ' ■ 
Glycerine.^ Conclusion : Scientific and Teel 
Problems in the Oil and Related Industries. Literature. 


Impurities 
Methods of 


V Write to Messrs. Constable 6> Co., Ltd., xo, Orange Street] 
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The Manufacture of Paper. 

By R. w. Sindall, F.C.S. Illustrated . Ex. Crown 8 vo. 6/- net. 

Contents Preface. List of Illustrations. Historical Notice, Cellulose 

* and Paper-Making Fibres. The Manufacture of Paper from Rags, 
Esparto and Straw. Wood Pulp and Wood Pulp Papers. _ Brown 
Papers and Boards. Special kinds of Paper. Chemicals used in Paper- 

• making. The Process of “Beating.” The Dyeing, and Colouring of 

Paper Pulp. Paper Mill Machinery. The Deterioration of Paper. 
Bibliography. Index. 

Mineral and Aerated Waters, and the 
Machinery for their Manufacture. 

By C. Answorth Mitchell, B.A. (Oxon,), F.I.C. 

Illustrated. Demy 8 vo. 8/6 net . 

Glass Manufacture. 

By Walter Rosenhain, Superintendent of the Department 
of Metallurgy in the National Physical Laboratory. 

Illustrated. Ex. Crown 8vo. 6/- net. 

Contents : — Preface. Physical and Chemical Properties of Glass. The 
Raw Materials of Glass Manufacture. Crucibles. Furnaces for the 
Fusion of Glass. The Process of Fusion. Processes used in the 
Working of Glass. Bottle Glass. Blown and Pressed Glass. Rolled 
or Plate Glass. Sheet and Crown Glass. Coloured Glass. Optical 
Glass. Miscellaneous Products. Appendix. 

Decorative Glass Processes. 

By Arthur Louis Duthie. Illustrated. Ex. Crown 8vo. 6/- net. 

Commercial Paints and Painting. A Handbook 
for Architects, Engineers, Property Owners, 
Painters and Decorators, etc. 

By Arthur Seymour Jennings. 

224 + xii pages. 4 7 Illustrations. Extra Croivn 8vo, 6/~ net, 

The Manufacture of Leather. 

By Hugh Garner Bennett, M.Sc., F.C.S., Member of the 
International Association of Leather Trade Chemists. 

* Demy 8vo. Illustrated. 16/- net. 

. Cotton Seed Products. 

A Manual of the Treatment of Cotton Seed for its 
Products and their Utilization in the Arts. 

By Leebert Lloyd Lamborn, Member of the American 
Chemical Society; Member of the Society of Chemical 
Industry. With 79 Illustrations and a Map. Demy Svo. 12/6 net. 

*** Write to Messrs. Constable Co., Ltd,, 10, Orange Street , 
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Linseed Oil and other Seed Oils. 

An Industrial Manual by William D. Ennis, M.E., 
M.Am.Soc.M.E., Professor of Mechanical Engineering, ^ 
Polytechnic Institute of Brooklyn. Medium 8 vo. Illustrated . 

1 6/- net. 

Textiles and their Manufacture. 

By Aldred F. Barker, M.Sc. Illustrated. Ex. Crown 8 vo. G/- net. 

Materials used in Sizing. 

By W. F. A. Ermen. 5/- net. 

Contents The Starches and other Agglutinants. Weighting Materials. 
Softening Ingredients. Antiseptics. Analysis of Sized Warps and 
Cloth. The Preparation of Normal Volumetric Solutions. Tables. 

Solvents, Oils, Gums, Waxes, and Allied 

Substances. By F. S. Hyde, Ph.B. Demy 8 vo. 8/6 net. 

Glues and Gelatine. 

A Practical Treatise on the Methods of Testing 
and Use. By R. Livingston Fern bach. 

Illustrated. Demy 8 vo. 10/6 net. 

Agglutinants and Adhesives of all Kinds 
for all Purposes. By H. C. Standage. Demy &va, 

6 /- net. 

Cork. : Its Origin and Industrial Uses. 

By Gilbert E. Stecher. Crown 8 vo. 4/6 net. 

The Chemistry of Dyeing and Bleaching of 
Vegetable Fibrous Material. 

By Julius Hiibner, M.Sc.Tech., F.LC. (See p. 45.) 

The Chemistry and Technology of Printing 

Inks. By Norman Underwood and Thomas V. Sullivan. 

Medium 8 vo. 12/6 net. 

The Chemistry of the Rubber Industry. 

By Harold E. Potts, M.Sc, 5/- net. ( See p. 46.) * " 

India-Rubber and its Manufacture, with 
Chapters on Gutta-Percha and Balata. 

By H. L. Terry, F.I.C., A.I.M.M. 

Illustrated. Ex. Crown 8 vo. 6/- net. 

*** Write to Messrs. Constable Co., Ltd., 10, Orange Street, 
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Th.e Nitrocellulose Industry. 

By Edward Chauncey Warden, Ph.C., M.A., F.C.S. 

2 vols. 42/- net. ( See p. 46.) 

Materials for Permanent Painting. 

By M. Toch, F.C.S. Frontispiece in Colour and other Illustrations. 
% Crown 8vo. net. 

A manual for manufacturers, art dealers, artists and collectors explaining 
the composition of the materials used in painting. 

The Basic Open-Hearth Steel Process. 

By Carl Dichmann. (See p. 17.) 

Wood Pulp. By Charles F. Cross, B.Sc., F.LC. ; E. J. 

Bevan, and R. W. Sindall, F.C.S. Illustrated. 6/- net. 

Contents. — The Structural Elements of Wood. Cellulose as a Chemical. 
Sources of Supply. Mechanical Wood Pulp. Chemical Wood Pulp. 
The Bleaching of Wood Pulp. News and Printings. Wood Pulp 
Boards. Utilisation of Wood Waste. Testing of Wood Pulp for 
Moisture. Wood Pulp and the Textile Industries. Bibliography. Index, 

•History of the Frozen Meat Trade. 

By J. C. Critchell and J. Raymond. 

Illustrated. Demy 8vo. 10/6 net. 

Arts and Crafts 

Simple Jewellery. 

A Practical Handbook with Certain Elementary 
Methods of Design and Construction, written for 
the Use of Craftsmen, Designers, Students and 
Teachers. By R. LI. B. Rathbone. 

Ex. Crown 8 vo. 94 Illustrations. Second Impression. 6/- net. 

The Potter’s Craft. A Practical Guide for the Studio 
and Workshop. By Charles F. Binns, late Superintendent 
Royal Porcelain Works, Worcester, with 42 Illustrations. 
Crozvn 8vo. 6j~ net . 

Precious Stones. 

* By W. Goodchild, M. 6 ., B.C'h. With 42 Illustrations, 

With a Chapter on Artificial Stones. By Robert 
. Dykes. Illustrated. Ex. Crown 8vo. 6/- net . 

Enamelling. On the Theory and Practice of Edition. 

Art Enamelling upon Metals. By Henry Cunyng- 
hame, M.A., C. B. Two Coloured Plates and 20 Illustrations. 
Crown 81 jo. 6/- net. 

%* Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Useful Handbooks and Tables 

The Practical Mechanic’s Handbook. 

By F. E- Smith, (i^p. 47.) 

Materials used in Sizing. 

By W. F. A. Ermen. (See p. 50.) 

Reference Book for Statical Calculations. 


By Francis Ruff. 

Crown 8 vo. 160 Illustrations . Charts and Diagrams. 4/- net. 

Handbook for the Care and Operation of 

Naval Machinery. By Lieut. H. C. Dinger, U.S. Navy. 

Cloth. 302 Pages. 124 Illustrations. Pocket. size. Price 7/6 net. 


Pricing of Quantities. 

Showing a Practical System of preparing an Estimate 
from Bills of Quantities. By George Stephenson, 
Author of “ Repairs/’ “ Quantities/’ etc. 

Demy 8 vo. 3/6 net. 

The Law affecting Engineers. 

By W. Valentine Ball, M.A. (Cantab.), Barrister-at-Law, 
Joint Editor of “ Emden’s Building Contracts.” 

Demy 8 vo. 10/6 net. 

A concise statement of the powers and duties of an engineer, as 
between employer and contractor, as arbitrator and as expert witness, 
together with an outline of the law relating to engineering contracts, and 
an appendix of forms of contract, with explanatory notes. 

Tables of Multiplication, Division and Pro- 
portion : For the Ready Calculation of Quantities 
and Costs, Estimates, Weights and Strengths, Wages 
and Wage Premiums. 

By Pro! R. H. Smith, A.M.Inst.C.E., etc. 2 /e net. 


Lettering. 


9 th Edition , 
Revised and Enlarged . 

For Draughtsmen, Engineers and Students. 

By C. W. Reinhardt. 4 1 - net. 

The New Steam Tables. Calculated from Professor 


Callendar’s Researches. 

By Professor C. A. M, Smith, M.Sc., and A. G, Warren, 
S.Sc. 4/- net. 


*** Write to Messrs. Constable & Co., Ltd., 10, Orange Street , 
Leicester Square , for full particulars of any book . 
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Natural History, Botany , Nature Study, etc. 


Natural History, Botany, Nature 
Study, etc. 

© 

Extinct Animals. 

m By Sir E« Ray Lankester, F.R.S. 

' 4 With a Portrait of the Author and 21S other Illustrations. New and Revised 

Edition. Ex. Crown 8vo, 3/6 net. 

Economic Zoology and Entomology. 

By Vernon L. Kellogg and C. W. Doane. 

Crown &vo. 6/6 net. 

The authors arc well known as clear and precise exponents of their subject. 
In this text-hook they have produced an introduction both to general zoology 
as well as to that speciiic phase of it called “ economic.” 

The first chapters introduce the reader to general facts of animal structure 
and life and are arranged on the basis of accepted pedagogic principles. The 
latter chapters, arranged on a basis of animal classification proceeding from 
the samples to the nine highly developed groups, include not only general 
facts pertaining to the groups treated, but introduce and give general attention 
to the economic relations of tile various members of the groups. Finally, there 
is presented a form of encyclopedic treatment of a wide range of facts wholly 
economic in aspect.. 

The Stone Age in North America. 

By Warren K. Moorhead. 

In 2 Volumes. 900 pages. With about 700 Illustrations , including 6 in Colour , 
12 in Photogravure and Several Maps. Crown 4 to, 31s. 6d. net. 

A 1 • 1 - ’ • -- 1 encyclopaedia of the implements, ornaments, weapons, 

1 : 0 prehistoric tribes of North America. The work is 

the result of twenty years’ exploration and study. 

Distribution and Origin of Life in America. 

By R. F. Scharff, B.Sc., Ph.D., F.L.S. 

Illustrated, Large Crown 8vo. 10/6 net. 

European Animals : Their Geological History and 

their Geographical Distribution. 

By R. F. Scharff, B.Sc., Ph.D., F.L.S. 

Illustrated. Demy 8 vo, 7/6 net. 

•The Living Plant : A Description and Interpretation of 
its Functions and Structure. 

* • By William F. Ganong-, Ph.D. Illustrated. 46$ -V xiipages. 

The Nature Student’s Note Book. 

By Rev. Canon Steward, M.A., and Alice E. Mitchell. 

Containing Nature Notes, Diary, Classification of Plants, Trees, Animals 
and Insects in detail. Interleaved with writing paper. Foolscap 8vo. 2/- net, 

*V* Write to Messrs. Constable & Co ., Ltd., 10, Orange Street , 
Leicester Square, for full particulars of any book. 
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Natural History, Botany, Nature Study, 

etc. — continued . 


Life Histories of Northern Animals. An 

Account of the Mammals of Manitoba. 

By Ernest Thompson Seton, Naturalist to the Govern- 
ment of Manitoba. r 

In two volumes. Large 8 vo. Over 600 pages each. With 70 Maps And 6co 
Drawings by the Author. 73/6 net. 

Influences of Geographic Environment. 

By E. C. Semple, Author of “American History and its 
Geographic Conditions.’ * 

Med. 8 vo. 700 pages . 18/- net. 

Outlines of Evolutionary Biology. 

By Arthur Dendy, D.Sc., F.R.S., Professor of Zoology 
in the University of London (King’s College) ; Zoological 
Secretary of the Lihnean Society of London ; Honorary 
Member of the New Zealand Institute ; formerly Professor 
of Biology in the Canterbury College (University of New 
Zealand), and Professor of Zoology in the South African 
College, Cape Town. Second Edition , enlarged '% Third Impression , 
with a Glossary. Illustrated. 12/6 net. 

Contents The Structure and Functions of Organisms. The Cell 
Theory. The Evolution of Sex. Variation and Heredity. The Theory 
and Evidence of Organic Evolution. Adaptation. Factors of Organic 
Evolution. Glossary of Technical Terms. 

Plant Physiology and Ecology. 

By Frederic Edward Clements, Ph.D., Professor of Botany 
in the University of Minnesota. With 125 Illustrations. 
Demy 8 vo. 8/6 net. 

Indian Trees. 

An Account of Trees, Shrubs, Woody Climbers, 
Bamboos and Palms, Indigenous or Commonly Cul> 

TIVATED IN THE BRITISH INDIAN EMPIRE. 

By Sir Dietrich Brandis, K.C.I.E., Ph.D. (Bonn), LL.D. . 
(Edin.), F.R.S., F.L.S., F.R.G.S., and Hon. Member of 
the Royal Scottish Arboricultural Society, of the Society 
of American Foresters, and of the Pharmaceutical Society 
of Great Britain. Assisted by Indian Foresters. 

Illustrated. Demy 8 vo. 16 /- net. Third Impression. 


*** Write to Messrs. Constable Co., Ltd., 10, Orange Street , 
Leicester Square, for full particulars of any book. 
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Miscellanea 


'itinned. 


The Seven Follies of Scte. . by John phm. 

A new and enlarged Edition. Illustrated . Deih 5 J- net. 

A popular account of the most famous scit impossibilities, and the 
* attempts which have been made to solve them. vhich is added a small 
budget of interesting paradoxes, illusions, and im 


perspective : An Elementary Text-bo. 

By B. J. Lubschez, M.Am.I.A. 

88 pages. 32 Illustrations. 6/- net. 

Colour and Its Applications. 

By M. Luckiesh, Physicist, Nela Research oratory, 
National Lamp Works of General Electric Co. 

129 Illustrations. 4 Color Plates. 

Contents : — Light. The Production of Color. Color-Mixtu 
Terminology. The Analysis of , Color. Color and Vision. T. 
of Environment on Colors. Theories of Color Vision. Color o- 
metry. Color Photography. Color in Lighting. Color Effects . 

Stage and Displays. Color Phenomena in Painting. Color Mate. 

The Art of Mobile Color. Colored Media. Index. 

Public Ownership of Telephones. 

By A. N. Holcombe. 8 vo. 8/6 net. 

“ We commend this book to the notice of all interested in the study of 
telephone development and administration.” — Electricity. 

British Railways : A Financial and Commercial Study. 
By W. R. "on, Chairman of the Railway Shareholder 
Association.' . 

320 + xxxii pager, n, C town Svo. 6/- net. 

Panama : ' 

Its Creation, Destruc. and Resurrects 

By Philippe Bunau-Varsi. 

Illustrated , Royal Svo. 12/6 net. 


Good Engineering Literature 

By Harwood Frost, M.Am.Soc.M.E. "» • 4/6*rf- 


Essays Biographical and Chemical 

. By Professor Sir William Ramsay, K.C.B., Lw.D., F.R.S., 

D.Sc., etc. Demy Svo. 7/6 net. 


The Curves of Life. Being an Account of Spiral 
Formations and their Application to Growth in 
Nature, to Science, and to Art. 

By Theodore Andrea Cook, M.A., F.S.A. 

41 5 Illustrations and n Plates. Royal Svo. + »/* «rf. 


* * Write to Messrs. Constable & Co., Ltd., io, Orange Street , 
* Leicester Square, for full particulars of any book. 
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D.-S, Series of Technical Dictionaries 
tn Six Languages, The, 7 
Dynamics of Mechanical Flight, 19 
Dynamometers, 13 

E. 

Elastic Arch, The, 27 
lectric Arc Phenomena, 42 
lecHto Cables and Networks, The 
Theory of, 37 
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Systems (American), 36 
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Electric Furnaces, 38 
Electric Lamps, 38 
Electric Mechanism, 35 
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tions, 34 

Electric Power and Traction, 37 . 
Electric Power, Application of, to 
Mines and Heavy Industries, 23 
Electric Railway r ' . - 
Electric Railways _ ■ 

Practically Treated, 37 
Electric Wiremen’s Manuals, 3 
Electrical Conductivity and Ionization 
Constants of Organic Compounds, 
3d 

Electrical Engineering, Heavy, 36 
Electrical Engineer’s Pocket Book, 36 
Electrical Machinery, Testing, 37 
Electrical Nature of Matter and Radio- 
Activity, 43 

Electricity : A Text-Book of Applied 
Electricity, 36 
Electricity and Matter, 42 
Electricity Through Gases, Discharge 
of, 43 

Electro-Chemistry, Experimental, 38 
Electro-Metallurgy, 38 
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Energy-Diagram for Gas, The, 9 
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•Entropy, 16, 39 
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Fuel, Introduction to the Study of, 12 


G. 

Gas Engine, The, 9 
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Gas Engine Design, 9 

Gas Engines, High Power, 9 

Gas- Engineering Practice (American), 

■9 

Gas, Gasoline, and Oil Engines, 
including Gas Producer Plants, 10 
Gas, Town, and its Uses, 10, 39 
Gas Turbine, The, 9 
Gas Works Plant and Machinery, 
British Progress in, 10 
Geographic Environment, Influences 
0^ 54 
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Glass Manufacture, 49 
Glass Processes, Decorative, 49 
Glues and Gelatine, 50 
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General Graphic Methods, 21^ 
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Slopes, Retaining Walls and 
Dams, 28 

Grass Holding, To Work a, at a 
Living Profit, 55 
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Hardening, Tempering, Annealing 
and Forging of Steel, 18 
Heat Power-Plants, The Economic 
and Commercial Theory of, 16 
Hydraulics and its Applications, 22 
Hydraulics, Text-Book of, 22 
Hydroelectric Developments and 
Engineering, 23, 37 
Hydrogenation of Oils, The, 43 


I. 

Identification of Organic Compounds, 
The, 43 

Illumination, Art of, 39 
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rigation Works, 32 
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L rion Works, The Practic 
jl n of, 32 


Malleable Cast Iron, 17 
Marine Double-ended Boilers, u 
Marine E \.!i.i Th.\.i:. ■■ 

Masonry | V : n. f V. Engineer- 
ing, 28 

Mathematics for the Practical Man, * 
47 

Measurements, Theory of, 42 
Mechanical Appliances, 14 
Mechanical Movements, 1 '(AversI 
Devices and Appliances, x*j 
Mechanic^ 1 Tr;r 1 "r.f.!o .. v, 1 \ 
Mechanic’:-; M;m.! Thr Practical, 
47 

Mechanics of Materials, The Ele- 
ments of, 14 

Mechanics, Theory and Practice of, 
r 3 

Metallurgy, 3 

Microscopy, Principles of, 43 
Mineral and Aerated Waters, and the 
Machinery for their Manufacture, 

49 

Mining and Mine Ventilation, 23 
Motion Study, 57 

Motor Car Engineering, Text-Book 
of, 18 

Motor Pocket Book (O 'Gormans), 18 
Motor Vehicles and Motor Boats, 18 
Municipal and Sanitary Engineering 
The Encyclopaedia of, 5 
MuniH- ' ngineering, British 
-a, 31 
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Linseed Oil and other Seed Oils, 50 
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Liquid Fuel and its Apparatus, 10 
Liquid Fuel and its Combustion,^ 
Living Plant, The, 53 0 
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Machine Design, 13 

Mac hine Tools, Modern American, 15 
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Nitrocellulose Industry, The, 46 
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tives, 12, 24 
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Painting, Materials for Permanent,’ 
46,51 ’ 
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Paper, The Manufacture of, 40 
Patent Laws, Foreign and Colonial, sG 
Patents, D esigns and Trade Marks, 56 
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tions of to Technical Processes, 
etc., 4 8 

« Physical Chemistry, Exercises in, 44 
Physical Chemistry, Problems in, 41 
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the Study of, 17, 41 
^hysjps, A Text-Book of, 44 
Plant Physiology and Ecology, 54 
Potato, The, 55 
Potters’ Craft, The, 51 
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Propagation of Electric Currents in 
Telephone and Telegraph Con- 
ductors, The, 33 
Proportion, Theory of, 47 
Pumps and Pumping Engines, British 
Progress in, r6 
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Radio-Active Transformations, 43 
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Railway Locomotive, The, 25 
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24 

Railway Shop Up-to-date, 25 
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cal), 25 

. Railway Spiral, The Practical, 24 
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\ 58 

Railways, British, 59 
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- 'Supply, 30 

Refuse Disposal and Power Produc- 


tion, 31 

Reinforced Concrete, A Concise 
Treaty on, 26 

Reinforced Concrete and Concrete 
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Member Diagram, 26 
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Design of, 26 
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tures, 24 


S. 

Sanitary Engineering (Modern), 31 
Science, The Seven Follies of, 59 
Science, Thresholds of, 5 
Scientific Management, Primer of, 57 
Searchlights : Their Theory, Con- 
struction and Application, 38 
Seasonal Trades, 58 
Sewage Disposal Works, 30 
Ship Form, Resistance, and Screw 
Propulsion, 21 
Shop Kinks, 15 
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The, 40 
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Sizing, Materials used in, 50 
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Them, 55 
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Bodies, 21 

Static Transformers, The Design of, 36 
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for, 52 

Steam Boilers : Their History and 
Development, 11 
Steam- Electric Power Plants, 37 
Steam Engine, A Manual of the 
High Speed, 10 

Steam Engine and Turbine, The, 11 
Steam Engine, The Modern, 10 
Steam, Flow of through Nozzles and 
Orifices, Experimental Researches 
on, 12 

Steam Pipes : Their Design and Con- 
struction, 11 

Steam Tables, The New, 12, 52 
Steel Bridges, The Design of Simple, 
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Design of, 28 

Steel Rails : Their History, Proper- 
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Stone Age in North America, The, 
53 

Structural Design, The Elements of, 
27 

Structural Geology, 58 
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Control, 12 

Surveying and Field Work, 29-30 
Surveying, Practical, 30 
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Telegraph Engineering, 32 
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graphs, The, 33 
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59 
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Testing, A Handbook of, 14 
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neers, 39 

Thermodynamics, Experimental and 
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Thermodynamics, Principles of, 39 
Thermodynamics, Technical, 39 
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Timber, 29 
Time and Clocks, 58 
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Wool Growing and the Tariff, 55 


Z. 

Zoology and Entomology, Economic, 
53 


<0 




Bradbury, Agnew, & Co. Ld„ London aiKlTonbddgiL 



r 




